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World Average 0.68 ± 0.03
BaBar 0.12 ± 0.31 ± 0.10
Belle 0.50 ± 0.21 ± 0.06
Average 0.39 ± 0.18
BaBar 0.58 ± 0.10 ± 0.03
Belle 0.64 ± 0.10 ± 0.04
Average 0.61 ± 0.07
BaBar 0.66 ± 0.26 ± 0.08
Belle 0.30 ± 0.32 ± 0.08
Average 0.51 ± 0.21
BaBar 0.33 ± 0.26 ± 0.04
Belle 0.33 ± 0.35 ± 0.08
Average 0.33 ± 0.21
BaBar 0.20 ± 0.52 ± 0.24
Average 0.20 ± 0.57
BaBar 0.62 +
-
0
0
.
.
2
3
5
0 ± 0.02
Belle 0.11 ± 0.46 ± 0.07
Average 0.48 ± 0.24
BaBar 0.62 ± 0.23
Belle 0.18 ± 0.23 ± 0.11
Average 0.42 ± 0.17
BaBar -0.84 ± 0.71 ± 0.08
Average -0.84 ± 0.71
BaBar Q2B 0.41 ± 0.18 ± 0.07 ± 0.11
Belle 0.68 ± 0.15 ± 0.03 +
-
0
0
.
.
2
1
1
3
Average 0.58 ± 0.13
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Selector : PidLHElectronSelector Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>ËIﬀòR>¨ÏËÇ/l
ﬀl
KSx¢oTG_ÐWl
X_È
f
_
lT	M
È£Nloﬀ¦KoTj	foc
\
joo
ﬀ
lf?xyﬀo|ﬀ	_gcKD
¹B·4¸G[

¾o»½±B¶µ4³]\

p [GeV/c]
1 2 30
0.001
0.002
0.003
 < 60.92θ ≤Fwd Barrel , 32.77 
+pi
-pi
p [GeV/c]
1 2 30
0.001
0.002
0.003
 < 137.38θ ≤Bwd Barrel , 77.42 
+pi
-pi
Selector : PidLHElectronSelector Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>#  Xö >e+	zWXzo__f£BXjtoTG_ÐWl
X_@M

\
_^T¨
oTlT	^
>£Nl_
Mf_
j	n_c
\
jooSITl[xﬀ_|	_gMc/
¹B·4¸^[

¾o»½±[¶µ4³]\

p [GeV/c]
1 2 3 4 50
0.2
0.4
0.6
0.8
1  < 57.00θ ≤Forward , 17.00 
+µ
-µ
p [GeV/c]
1 2 3 4 50
0.2
0.4
0.6
0.8
1  < 115.00θ ≤Barrel , 57.00 
+µ
-µ
p [GeV/c]
1 2 3 4 50
0.2
0.4
0.6
0.8
1  < 155.00θ ≤Backward , 115.00 
+µ
-µ
Selector : NNTightMuonSelection Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>IøU>vÏËÇ/l
ﬀl
dSx¢oTG_ÐWl
X_v
csjMT=£Nloﬀ/doTj	1oc
\
j_oﬀ/ﬀ
l
[xXo|	_gc/v_a`cb4bd
¹fehg ±

ÊMÊ
p [GeV/c]
1 2 3 4 50
0.02
0.04
0.06
0.08
0.1  < 57.00θ ≤Forward , 17.00 
+pi
-pi
p [GeV/c]
1 2 3 4 50
0.02
0.04
0.06
0.08
0.1  < 115.00θ ≤Barrel , 57.00 
+pi
-pi
p [GeV/c]
1 2 3 4 50
0.02
0.04
0.06
0.08
0.1  < 155.00θ ≤Backward , 115.00 
+pi
-pi
Selector : NNTightMuonSelection Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>®IﬀÚ>we+	ﬀzWﬀz_o_m£BﬀjoTG_ÐWl
X_{T
\
_Ł
csjMdT£NMlT_w
_
j	n_c
\
jooSITl[xﬀ_|	_gMc/v_a`<bbd
¹fehg ±

p [GeV/c]
1 2 3 4 50.8
0.85
0.9
0.95
1  < 60.00θ ≤DRC-FWD , 25.78 
+pi
-pi
p [GeV/c]
1 2 3 4 50.8
0.85
0.9
0.95
1  < 95.00θ ≤DRC-CTR , 60.00 
+pi
-pi
p [GeV/c]
1 2 3 4 50.8
0.85
0.9
0.95
1  < 146.10θ ≤DRC-BWD , 95.00 
+pi
-pi
Selector : LooseLHPionMicroSelection Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>®IS>wÏËÇKlﬀlT_f®xy_
ÐWl4oﬀQM

\
oMdT£NMlT_woTj	Łoc
\
joowﬀ
l
[xXo|	_gc/ki
¹o¸G[¸Dµ.µM\.»

p [GeV/c]
1 2 3 4 50
0.1
0.2
0.3  < 60.00θ ≤DRC-FWD , 25.78 +K
-K
p [GeV/c]
1 2 3 4 50
0.1
0.2
0.3  < 95.00θ ≤DRC-CTR , 60.00 +K
-K
p [GeV/c]
1 2 3 4 50
0.1
0.2
0.3  < 146.10θ ≤DRC-BWD , 95.00 +K
-K
Selector : LooseLHPionMicroSelection Dataset : run4-r16a Tables created on 1/2/2005 (Data) , 1/2/2005 (MC)
tuYvH>#  ﬀð>@e+	zWﬀz_os£Bﬀjt_
ÐWl4oﬀ>
4ﬀﬀm

\
_mT>£Nloﬀ>
_
j	n_c
\
jooSITl[xﬀ_|	_gMc/ki
¹o¸G[¸Dµ.µM\.»

Ê
ú
2

2_ï
:DT-[4 29ﬂ@%#ﬂ&%DC 6ABﬂ 5#6X8Dﬂ 29ﬂ 5:-
ªdjMc=ﬀ_
ﬀm
\
v[xyTToTj¨_
\
£Ë
\

	ocK
ﬀ7TTﬀ
|ﬀ	gcK
K	Tl
M	jlTo¦jM_o_

\
ﬀ	uQ`booﬀz,	Xo>¬®­S¬®­¯
\
j	j_
	oT
cK

B
fo
ﬀjM	T
\
ﬀ	ol
jMo

\
	IMj_
WﬀM_tl
_Gjjc
e+e− → X D]^ﬀ
_lg
\
_	fjXﬀ,j
\
ﬀ
	m_
_Ä:
	
T^	X
|_

\
T	_c/TGﬀoTjIo_

T
\
j	ŁooT	Tﬀﬀ_h T	Ło
Ł
M
cK
o|ﬀWﬀjI
B0 → pi−`+ν WþZ	
fjMT£N_
r{ÐW_	l
viGjvj

ﬀ
\
ﬀ	Å¿
M
cK
Æ`bKMTÐW_&
MT
\
ﬀ	
[xXo|	_gc/dToTlT_wjQh q
cKTl
_
lgTc/T^jQ
lTj	^¬:­S¬®­¯Ł
ÁZ¨	a_>j~h q
cK¨¨
lToTlg
cK
Q
Q&To
l_T	{o
{lTo_oo
e+e−
\
	 joﬀQ
QTﬀ
Tc/TG@_G
	
ﬀ
\
jM	Q_

\
gh _l
oTQ¦oO`booﬀz:ﬀ	Xo
¬:­S¬®­¯d `bT^
_
lToK1ÃT	dj_	4<	
\
_
\
jMoiGj^e1Ï«e<þþ
\
	IMj_1TblTo_o_
e+e−
lgWﬀiGj¦öçTdÏ1 	ﬀXlgﬀd
_o&ﬀ_QﬀjfÃT	¨	qTÇKlﬀlT9Tw	q
Qz_

lTc
\
	_
\
joi jMto
^TT
cK
f	¿

\
ﬀ	moh q
cKtsTl
oTlgTc/TGf
\
ﬀŁ	
lTj
\

	XzoT

e#j	>Xl
l
ﬀc
\
_o	{lTT¦©ﬀlgﬀdoÈh q
cK9M9Tl
oTlgTc/TG@jM_o_¨
j  Xo|X
	_gc/ToM
\

ﬀ
,Á+ÊK
gM²ﬀ¶·Ł«²ﬀ¶»
bTdÁDòQ
\.µ¿´¥±Ł«²ﬀ¶»
Ml
c
\
o¥I_^l
	ﬀoﬀ
¿Í

e#j	Ã	sﬀjË	
\
oTmiGj
\
oz_ﬀ®_
mM
jI&ﬀo|ﬀ	_gcK
dSxyjIo_o
miGjto¤]`

_KÏ@`
¿Î
Z¥I
l
jI
tM
sXo|	_gc/TmK	Tl
	jlTo¦oc
\
__ÐWT
Z]mXM

lT_+	c=Xo
T?xyﬀo|ﬀ	gcKÁ+Êd_
\
	

_
lToM
	«
 o	=cKo_o
M
cK

l
ﬀ_WX
\
X	bTl
MﬀITMo
\
Ê$Iyð
µs \
jM		ﬀc/	
M
l
__
 e7ﬀ	cK
lT
cKo_oTﬀ
Tc/T
D[xﬀ_|	_gMc/ÁDò=ﬀ_mT&To
l_T	m
 o	ÛÊ$ﬀM,Tmo
\

®xyTG _	@ðM ø
ms \
j	
\
	
	
d
lTo_T:ÁZT
M
cK
m
_
lToM

\
ﬀ	Ł?xyﬀÎ
|ﬀ	gcK¤ÁDò&Kl
ﬀT	T/j	v
vzWX
vc/ﬀ|_i jM
¿Ï
\
j	sÃ	Qﬀﬀ_h Tt

MTXoo
\
ﬀ	ŁoT
\
ghIolTo
Mf¬®­®¬®­¯d
Á+xyﬀo|ﬀ	_gcKÁ+ÊTI
lTjM
\
ﬀ	n	oncKolT	
\
	IlT

jM	d
\

l
oﬀo_Td_j
do	
l¥
Ò
cæÓ¶è¥Ö×Ø)ÖÔæòåÜ×ØÝÛÕëMÕåýæìÔ©ÝMÔGÝMç	ÖæÚÅÔ	ØhÖ¯þÔ	ìﬀÔ	Ø|å]òÔæêìÔåWÚ)( èﬃ*×ÛMåHÝﬀ( ÛØkè¾Úï×êÜÅåþìÔÜÅØ|åÔ	êìçôÝMÜèÜÅêÔ©Ó|Mã
ÔæØkÖæèÙÕHÝMÔ©íî×êåÔ(þhèÛhÕÕÔ(ÝMÛäêÛÜÅåﬂÝMÔ©íî×ØhÝkÝÔ(â~$Wâ3 ööÇãÙìèÜÕWÜÅÚØ( è&*èìèÜÕLçæåç(ØçôÖÔôÕÕè¾ÜêÔ©ÝMÔ(Ú)( ÜìòÚéè¾Ø|åÔ	ê	û
Ò
k
ÓXÔ(ögm0Ö×Ø|åêÜäÛÔ(è¾Û)ÕÕÜè¾ÛkÕëñÕåý	ìÔGÝMÔGÝMç	ÖæÚÅÔ	ØhÖ¯þÔ	ìﬀÔ	Ø|å	ã¾ìkè¾ÜéÕLÛØÜéð|ÛÔæìÔ	ØÙå:ò)×ÙÛêHÚl( ÔæØhêÔ	ïÜéÕåêÔ	ìﬀÔ	Ø|å
ÝMÔ	Õ©ê¯è¢ë×ÙØhÕ©Ö×ÙÕìÜð|ÛÔôÕ©ÕÔ	êóè¾Ø|å!ﬀÚèÖ	è¾ÚÜÅäê¯èåÜÅ×ÙØ4ÝMÛÝMçæåÔôÖÇåÔ	Ûêôû
Ò
jæÓXÔ	ÕTÜØMíîê¯èÕåêÛhÖÇåÛêÔ	Õ¥ØçôÖÔ	ÕÕè¾ÜêÔôÕßèÛaÕå×ñÖF-èïÔÔå!%Úéè%ìkè¾ØÜòÛÚéèåÜÅ×ÙØÝMÔôÕÝM×ÙØØçæÔôÕTÜØMíî×êìkèåÜéð|ÛÔ	Õ
ÝMÔ\ﬀﬁﬀﬃﬂDÕ×Ø|åGÖ×ÙØhÕÜÝMç	êèäÚÔ	Õ	û|âL×ÙÛê(ÔæØÕè¢ó×ÜêòÚÅÛ)Õ!ÖÔTÕÛﬃ*Ôå	ãhó×Üê(ÚÔ	Õm(ÔæífÕæûø Ògo.gÆ	ÒYoùú û
Êò
:;=<?>I  >te1	olT
\
Xo
lﬀ	ﬀlT
	_oiGj
1T1lX
|	oT+n	Xl

«jK]`bp'«nj	
Mj@Ï«p
]^
l
	
\
o =m	_|o ÂITjo
 `bj		Xl
X
_|WﬀŁosj
\

	l
jlgMtø ]`bp Ê$X/Q<

ÁZ|j	ﬀlT4To|ﬀŁusj
\
T	l
ﬀjlg=Ê ]`bp Ê.ðﬀ/Q<

x p7	ﬀl
fgWﬀjIoc
\
j_oﬀ/	ﬀ
	 ]`bp ðﬀ/Q<
 p7ﬀjM
θ
W
M
	|ﬀoSx¢oMo4oﬀ{c/_oc/ﬀo Ï«p Ê.ﬀ/Q<

p7ﬀjM
θ
W
M
	|ﬀoo
	cK
Muﬀ_	 Ï«p øX/Q<
Ï p7ﬀjM
θ
W
M
	|ﬀo
_Tﬀ
 Ï«p ﬀﬀ/Q<
l bjlgM>XﬀWT
	|oSx¢oﬀoX_¤cKo_c=ﬀ_ Ï«p Ê.ﬀ/Q<
j

		oqT	jQzWﬀ		o[IT
	|oToTﬀ
 Ï«p Ê

<

cK
tj	so/T
l
jM	/¬:­S¬®­¯d]^ﬀtu@]`
Ë_
p¶¥¹ ´¥±tÀgM²
_
»¶
d
¶¥¹feMe »¶w²pKÀ
d
³
£Nﬀ	cKKM
	ﬀlT
lgﬀ	|T
s	j_c/TGﬀo	

9jM_ooﬀjÛﬀ_|	_gMc/tK	Tl
MWﬀo¿
ﬀlT^d£N	cKﬀ ÁZ^]m`bp×TocK^ﬀjM,?x¢oc
\
j__s	ﬀﬀ
	ml
Tb	ﬀl
T
I.Xﬀ
_
dl
oﬀ
	^T@	odl4
|ﬀ	_
Nﬀo	^p7ﬀz_ﬀj>I,^



x_HT^_

.hT	ﬀj
eﬀ¾oµ²ﬀ¾®±[¶¥¹feMe »¶Ç²u¸
d
³


jl
jQo_ﬀ|Sx¢
jIo_o
\
ﬀ	n_]`bp
e7ﬀ	ﬀ_oqTo
cK

WXwo¨Ï«>`^no²
¾o»½±B¶µ

²Meﬀ³®»±B¹?½9½²ﬀ¾oµ4¶¥¹
_
»±»¶
d
¶¹feMe »¶·²
zd
³
Xﬀoj/?x¢
T	|_==|	j
\
Ts>Ê.ß@r¨Xö>l
	oﬀjI:
\\

oT
±µ
`
¶¢\
ËÂI
j_soTsl
	oﬀjI
M
\
ojM=¨XÛ< {l
MoM
	T
\
j	¤lTT>TXﬀ_jWXoSÂIToUoTj	=T
	|o>
_
j	
\
__{WﬀMd_Ï«>`^WoTŁj	n
j_
Łl
oﬀ

d
Ql
_i=l
XT|	o
º_	
p7ﬀz_ﬀjI^,¦

WÏnLl TkjsWTd
.hﬀ

mﬀj

Á p
ñŁ
lTTXﬀ¤_
voM£Nﬀ	c/X_sj¡]`bp TKj¡Ï«p_

Á p 
=[xXo|	_gc//iGj
M
l
_Z_
nTﬀ
Tc/T^l
ﬀ_WXnd
.hﬀ
rt?xyﬀ_|	gcKdÁDòKjwﬀSWe7ﬀj	Łl

£BXo	X_

Á pÜ¥I
l
jIQjwT	o{MQlT_s_|oiGjTs_c
\
o

_oTsiGj¨
(A ≥
3 & B∗ ≥ 1) ou (M ≥ 3 & M ∗ ≥ 1) ou (B ≥ 3 & A ≥ 2 & M ≥ 2) ou ... W]mﬀMno

lT_
\
	Tl

M
T
Ë_=h csz,_ ∗ __i jM=u \ 	
Tl
{®xyzGTjÛÏ«pàTÉXj
Mj@]`bp £Bﬀl
rt£Bﬀl

_
φ

Á+xyﬀo|ﬀ	_gcKtÁDò
s¥MTl
jM
\
X	jM
´»¶
_
»
{øXQ	oXTj	T7ÁD
\
go_
\
go
M{l
TKXo|	_gc/K
v_c/_uﬀ_	vr&l
Too/jOÁ+Êl
{Sx¢
Ki jM{?xyﬀo|ﬀ	_gcK/ÁDò>T
\
ojnlTc
\
oI
\
oj
\
	
lToTWeﬀ	n¥I
c
\
oXoTnl
oMi
\
ﬀ	ﬀcKqT	
nTn	Xl

ŁlgWX	|T

:;=<?>WIyòD>/ÏËÇKlﬀlT_s ~v«Mj{h q
cKmmTl
_
lgTc/T
\
jM	b
	
\
	IlT
j
\
gh
oiGjT


o|	_gc/^ÁDò
BB B→pi0pi0 B→τν cc¯ uds ττ
]`
ÜNjM
Łl
M_o ßßIyö ðßMÊ ßÚMyÚ ßI_Ê ßøI¢ö ßø  ø
Ï«>` ºjI
ŁlToﬀ ßòI ø ßøI ÚIyò ðIyö ðøIyÚ öÚIò
]`

w
Ï«>`
>
ßßMyß ßßMyò ßðMÊ ßßMy ßIyÚ ßIò
Á+Ê
w
ÁDòtl
cszMoT
>
ßßMyß ßßMÊ ßIyð ßðMyß ßøIyð ßI
Msu¤]m`
 
d0

φ0

ω

z0
T
tanλ
ﬀGmT
	cKoM

\
X	mj&o_ﬀ|ﬀ,oTml
	oﬀjI@j
Ï«>` slT_
	
o ojTo_
cK
S_t
c
\

t0
K?x¢TT
cK
tTT
	c/_
\
oj
\
	
lTo
cK
7Tvﬀ_«¤j_ﬀË`b
u
\
T	cKTvﬀjLÁ#ò>®xyToocKoM
	z:
ﬀjlTj
\Û\
_j
ÇKlﬀlT
cK
_
Dz	j_#M1£NﬀZTWﬀËT#£BXolTﬀj «e1Ï«e<þþS7_
Z	
\
cszM	
j 
T
cK

tgM²cgM²
e+e− → e+e− 
ÁZ

\

	£N	c/ﬀlT
j¨h q
cKvtTl
oTlgTc/TGfMT
Wﬀ_sp7ﬀzo
ﬀj
 òM Ï+o_
«b
_q
	Tc/Tl
ﬀM£N	cK
ﬀjI/¥M_|
Ml

^	
\
__dSx¢TÇKl
ﬀl
^cK
 
oM
Tﬀj¤M
zjM^lTTmﬀj<
l_SH=m=hK	
c/ﬀ	iGjmMﬀﬀcKcK
«i jMm?x¢TÇKlXl
_
M=ToTlT_9M
T
cK

e+e− → BB 
j \ 
	oTj	{rßßMyßc~¤#Á1x¢TÇKl
ﬀl
=M
cK
jM	v	qTToTﬀ
¤cKÃ
cK
\
ﬀj	M
M
_
|ﬀ	Xo
\
ﬀ	_l
j_oq
	
cK
f_ÇKlTooT
_oT
iGj
B → pi0pi0 ﬀj B → τν 
Ï+MÐW®m?xyﬀo|ﬀ	gcK&j hIqTc/Û9
lTo
Mlg
cK
¨
¨l
]¨
j
\
j	>ﬀo	j
|ﬀ	ﬀMf	
ﬀWﬀlTTG	fuK]`
 ToÏ«>`^®`^xyTr4Mo	iGjfoT
M
cK

_
\
oj«jI
Ł
oTlToM
b_
\
TWﬀcKc/T
\
X	o]`
×T_^Ï«>`^`bT^	
ﬀI
ﬀl

\

	c/ŁcK
j	T	Ł?x¢TÇKlﬀlT_jh qTc/Tl
_
lgTc/T
Êø
Ôì@Ñ¤í á
Óf Þ 
Ó  ß{ÞàÞmä{í ^¤á
ﬁ Þã Ó Ñ{Ý1Þ ß{Þ ÝÑß ®á ã Óè¤ Ñ Óá éKã
B0 → pi−`+ν
ÑwÞÔ   ãÞ Ó ÞfÔsìã áMK  Þàß{Þ  ÞÔvéKã SÓK  Ô Óá éKã  ÞmÝ¤Ôì  Þ
ß   ãÞ  wÓf¤á ã&é
ôWﬁ ﬃ Jﬃ!#U$&G')&+*-,.0/132U z587
ë

ë
:9
ªdj¤ﬀ
\
	

@o
K
_
cK
KQgT	_jMo_
Kr¦o¨lTc
\
	Tg
o¡o
cK
j	
\
	T

tWﬀMml
gqTtﬀj&`bgW
\
7Ê:mTl
	_m_Mo
\
_£Ë¥
\

	ocK
X
jIo_o
\
X	tu&`b_uﬀz,	X_È¬®­S¬®­¯ ﬀjO`bgW
\
+IËªdjvﬀ_ofc/ﬀoTWﬀt¥
\

	
TÛTﬀo«o
\
	X l
_/¥
\

	ocK
XbjM_ 
\
X	?xyﬀjM
j	¤lTT¤gqT{tTsl
_u4
z,	XTj	
\
j	c/Tj	
	fu=£N	c/vj¨£Bﬀl
jM	fMK£N	c/
f+(q
2)
Ku{To
|	X_
B0 → pi−`+ν :o	 \\ 	^Sx¢
csz	ﬀlgTc/T B(B0 → pi−`+ν) ®Tmu/M	cKt[xyTo¥
cK

Vub
osc=X	_l
f`§f¦HTl_T
lT
j	¬®­®¬®­¯
ÁZK¬®­S¬:­¯
¼^³,²ﬀ¾

\¹\spsµ.½
`X_
»³W±
½À¿ÑÁnB

]ÉÈ¤Ê.òMÊ.ò
\
	T
=WﬀMflT/lg
\
_	tT
_IlTjcK

\
	_l

\
ﬀSfl
fgq
ﬀ®`b l
jMc/TGŁ£NjMdjcKoŁ
j w£NoŁrvj@¥M4
cK
K	_|j	
jI
\
ﬀ	
\
oj1Sx¢jd o|ﬀﬀoMn
\
Tl
oﬀo_T1of`booﬀz:ﬀ	Xot¬:­S¬®­¯"m
®xﬀz,	
\
j	f
\\
	jMﬀ
	jM/ﬀ
	o
\
	To_c/_Wﬀo	h½À¿

ÌÁDM
	
j_X
\
	TTG
sﬀ
lTT¤gMq
{iGj£NjMt	Tj
\
jMzo_i jM{r>?x¢IlTlﬀo¦{u@òò e`me `bﬀM£N
	
lTQþ
	4
oﬀoKj	to>e+ghIoiGjwT
ﬀjM
 +
	|oTwBþ`
Ï1eŁxyÚ¥1r¨l
j [ñŁjoX
XÚ:m
\
j_
\
j	b
\\
	jMT	oTb	
jM_4bÐWﬀjI=ml
^gqTiGj,£Nj	TG
\
jz_o

½ Âô¿qÁ
ﬀa
g

\¹?½²ﬀ¾
n
».¹?»ŁØ¸D»±[±»¶¢\
ýHï
DßMÊðMÊS_/ﬀð¤£NT 	_
	ﬀISe1_jKTﬀo_
MT^rtl
j4TdWﬀMdo!b
µ4±»f±¿µK±qgW»f¶»²· »¶
ﬀj{ﬀjMŁ
zMjM^Mj l
jMc/TG

þH
bﬀ«
iGj i jM^iGjd?xyﬀjMTj	1dl
TŁgqT
o
\
	olT
\
XWﬀjM
j	«j/

]
È¤Ê.òIÊ.òv£Nﬀ	c/ﬀlTlg
\
_	fTo
\
	olT
\
ﬀSﬀ	oXQ
lg_iGj^lTl

\
jM
#
d	$
Xﬀj ¡M@	Tlg
	lg¨iGjdhO
\
	
T
TŁÁ+xﬀjI
jM	=l
T@gq
>
¤XﬀcKc/T
[xy_u4
jM	«Mmu
lgMoiGj^	
lT	jMlT_¤	
u©Xlg
mMj{
jM	_ i jMSmlT	jlTuﬀ_
XjÈjl
lTq
fvu¤cK
j	XDÁDT
\
	_l

\
ﬀjI@l
_uﬀz,	XTj	mMKlT
	ﬀXjI¨ﬀG_
lTX
XjMTj	mMj&

]ÊÈ{ÊòMÊ.ò/Mc/cK

\
_j^zWX
®T>		ﬀ
\
gﬀz:_i jM/®Â h _ ob	jT

ﬀ	oÂIoc/ﬀ	Se7ﬀjZp7ﬀ	ﬀŁdb
ﬀ_nmoﬀjS
ÊÚ
Ë±ÌÍ ÎÏ?ÎÏÐ
Version 11
ÑÓÒAÔÕ=ÒAÖd×ÙØ?ÐnÚ~ÛAÛ"Ü
Ý Þß±àábâ=Þã ÞäåÉæ±çèåéêÞ
B0 → pi−`+ν ë æ¾âã ì ë ßí#åæâ
î
éïß¾ðñÞòßäôó õöâßäïínéê÷Zäêø
ë
â=ß±íå÷æ±ä·ùñßäïó úûÞåÞâ=ã ÷Zäïß1å÷æ±ä
æç |Vub| ü ÷ﬃåé ß ýþæÇæ±àÞòß Þábåâ=÷äêæ  Þíæ±äôà"åâ=áïí#å÷æ±ä
 Þínéïäê÷ÇáêÞ
ß
(GPZE[%
Ô
aW-.C
¿UÂ
J
:DAºPDEBﬂ
Ò
"4!75Dﬂ- 1
J
ﬁ (M"$-.E[5×SEB29("4% 1
J
í
(W!#AÓb(M"4( 1
J
Ò
ﬂ 5D*:Eº-

EN(W!7% 1
Ñ
3T-"4(6ﬀ-
Õ¦@	
\
	/g	Tj=X£9jMhUﬀ£mg@¥MlToj_ﬀ>lgWﬀ	c/_
/Tc/_o
\
_lw
l
.hﬀ
B0 → pi−`+ν jM
	ﬀX
ÛÖŁ_gL \M\ 	Ioc/X
_h¦ﬀcKoo_o BB \ ﬀ_	lTo_
l
9X
g
Υ (4S)
	
WﬀlT«ÖŁggM¬:­S¬®­¯>MTTlT	
$png«ﬀWX_h _ZjT7
oÖŁg_lgfg
o|ﬀ
B
Tlh nﬀ	d	Tl
M	jlT
¤ÖŁg/ﬀ=_.XXdo ŁTjM	o	Tl
	jlTo

lgMoiGjﬀ:Õ9sﬀzMﬀ_
\
ﬀ	oﬀDz	ﬀMlgo|¤£N	ﬀlToM^o9Ê$/z_mﬀ£
q2
,gtcKc/Tjc
	ﬀM£N
	«iGjWX	
®G£N	c ÖŁg_lg/Ö^¥I	ﬀlg
f+(q
2)
£N	cv?£BﬀlT	ËgW
\
^ﬀM/gMdﬀﬀ
zM	ﬀlgMo|9£N	ﬀlTo B(B0 → pi−`+ν) Ì (1.46± 0.07stat ± 0.08syst) × 10−4 ﬀ

ﬀç@	Tl

vjMi jM
lgTUoXolT{÷`]ólﬀ_l
joX_Èﬀ£ng/£N	c £BﬀlT	_9gM¤	ﬀM|
q2 >
ÊÚ
GeV2/c4
Ö&ÐW~g&c/ﬀ|M_jM>ﬀ£fgÈ`§f c=4	Î'ToTc/TG |Vub| 
z,
(
4.1± 0.2stat ± 0.2syst+0.6−0.4FF
) × 10−3 ÖŁgT	¤gM{uﬀsjlT
	ﬀ_Gh9osMj¤>g
M	c/ﬀo

Xo/ﬀ£#g£N	cÜ£Bﬀl	T
Ò
		ﬀﬁﬂﬃ "!
ﬃ$#&%'(	!*),+-"./!0"+"12ﬃ3"45612 
7
Ê
ß æ¾åÞ åæ åéêÞ â=ÞßóêÞâ
png_
Version 11
ﬀ£Dg

]ûÊ.òIÊ.òsonsj
\\
	ŁMIlTjc/Tn£N	bgMj	ﬀ®	X£º


] Ê.ÚﬀöGwsÊÊÈNg
\
<ÉﬀÚIÊ$ﬀﬀDÖŁgolgçgWﬀtM$ÖÜz,

ç
\\
	.ﬀ
UﬀÛjMzc/

Ke1gh _lﬀDñŁT _TÖﬃÁZT	TWpngc/ﬀ_¤_Ä:
	
lT
dz:ÖbT
Qg_nTÖØIlTjcK
ﬀ
g
\
	
l
T
^

]àÊ.òMÊòsÊ.MIÖŁgolg{ÖbﬀŁjTQ£N	gf`b_uﬀz,	4oﬀ/Õ~oMñdI_TÖ
[`Õ×ñ^ﬀ£#gM

]àÊ.ÚﬀöG{ºø¥Hﬀ	t
>~kHﬀj	lgWﬀ|TgM=ﬀﬀ_h _f
\\
	$ﬀ
ÛzhÈj	fñŁT oÖÜ`bc/cK_TvX£ºT	fg
`Õ×ñ
\
T	o SpngM	
«ﬀ£IgTcØÐMfcKoﬀﬀT1.j
\

	æWjj
√
2
£Bﬀl	ZÖŁgTlTc
\
jI
oM| |Vubf+(0)| IﬀlTl
oM
ﬀ,j^ﬀ£ZgÂMe1ðXﬀ_j
ﬀ£Z
cKoo \ ﬀol D zM	ﬀlgMo|
£N	ﬀloﬀ+o
ﬀ/X£®gMmÂMe«øÉXÚfM

 ﬀlTl
_
XﬀX	u4oﬀtﬀ£Zﬀ_
D → K0 z	XI
lgo|&£N	ﬀlTot_ﬀçﬀ£h9g
D → KL T
+pngQuﬀtw_v¨cK	
	o|ﬀ	jM=
_c=Xo¡ﬀ£g>	ﬀlGoM|çﬀ×Ï«>` Ç/lToTlThYjMl
T	Xo_

kHﬀ	
c/	Tﬀo_
I
K
þ|ååò{98$8¢ähèähè¾ê þØ<û ÕÚéèÖû ÕåèØMíî×ê¯Ýcû Ô	ÝMÛ1_^ﬃºxdº8ﬃGëñòÔæê
e
Ô'fGÕ8¢ïÙÔå:8¢êÔæóZY8MÔæìÜÓXÔæò[Yº|5Qºz$85;Mû þ|åìﬀÚ¢m
>

_oUﬀ£fÂITlT
òMyòMyßLﬀYòIòMÊ.¨LTlT	oz,g>cKTgIOgW4=Ö>j

t÷`] l
ﬀolTju4oﬀﬀ¦ 	ﬀlT |Vub| #ﬀM9ﬀ£nÂI
l#òMIyöMyöﬀ9òM  yöø¤
|_ﬀmg	TjŁzMﬀoM
{ÖŁ_gwgoŁcKTgI®WñdTc/.XﬀSX£7g
\
	I_jÂITlTHðI
ÅÏ 	XlT_wﬀ£ |Vub| Æ.Ö 	 \ oﬀl
Tzh{gMTÖﬃ
loﬀ©m
>

T
	ﬀS¥Id_c
\
	.
cK


þ<7c=hz,1	ToTXﬀDdﬀ+gWXDgb

] ÊòMÊ.òf[ﬀM
ﬀ	_o
	Sﬀ
	oﬀZ
l
	oz,


\
	
_ocKoWﬀ	h&T	_Oﬀ£Łg{	
jM_vgM$ÖŁ¡Xtþ`
Ï«enxyÚM«ﬀç l
jMc/TG
çoÛg


] Ê$øﬀÚmßKBg
\
¥WÉXÚﬀﬀÚXpngŁ_Ä:
	
lT
1z,TÖ

Kg
\
	
_ocKoWﬀ	hfﬀtÐWWX
	
j_X		TuX_ﬀ
_h=c/_	TIgMfc/ﬀ_¤Tz,
_|sgW4
ÊŁpngtl
oGjjc e1]mkY_^ÐMI
¨o>gt_|Wﬀ7 	ﬀlTo&Ð^£N	^gMsÐWWﬀË	
j_

zjMWX
{£N	g
\
	ToocKoﬀ	hK	Tj(m
IŁpng
q2

\

l	jMcÙgW
\
wotTlT	oz,
OÖŁ_g
\
ﬀ	uﬀbkW@Bﬀçl
.Xﬀ	uﬀlT{c=$
	_l
T£N	sgMQÐWﬀn	TjËÖŁg_ow	c=ﬀ_



\
ﬀ	oﬀkWtÖ
	jTU£N	tg
\
	ToocKoﬀ	hK	Tj(m
Êð
òM

ﬀXojsX£«gvl
MXG |Vubf+(0)| _iGjﬀT&£N	mgsÐWﬀË	
jM_®ﬀm£N	mg
\
	ToocKoﬀ	hK	Tj(m
öŁpnglT.ﬀX	uXl
fc=4	_l
TdX£+ﬀ_Sgfh 
c/X_l
			sB¥MlT
\
mk+ÂMñnﬀ	
\
	Tl
Î

hwc/
ﬀjM	
Qjo|/XoXŁfgGj	
>M_Ä:
	Tme1]mkWŁ£N	ngÐWWX#	
j_

ÖŁgo_Qg>l
.Xﬀ	uﬀlTc/X	olT
/ﬀ£m£NTÖ hITc=Xol
			KÖbT	¨
\M\
	Ioc/XT
j_|v_h=fe1]mkÛ£N	g
\
	
_ocKoWﬀ	hK	
j_

< ±>= ´¶±@?]µ(» ´Uº¸ U±k¹:ÉBAOµ(³´

£º
	t|
M
	X#_	 jl_QﬀKTlT	
\
oﬀQX£gMW4tﬀc
\
_
ŁoÂITlT,òMÊ
XOòM  7gMwﬀWﬀhIoc/g ÛosM
lT	_z:TO_OÂI
lT1òMò@¨òMyÚMpngTSËgM{	
j_
\
	
MolT
¤zhKg>`'ocjuXoKﬀM=g^ﬀlTjWﬀ,	TjzIﬀ_
KÖŁ_g/g	X:W4
X	dg.ÖŁ{o¤ÂI
lIòMIIÂITﬀ
	XS]mXÉ>`¡lTc
\
ﬀ	_
\
_ﬀﬀKg	
j_bﬀ£SﬀgT	
lT	<lg
lGﬀ	
\
	TTG
>_ÂI
lHòMyðMz,T£N	fvjcKc=ﬀ	h¤_@Â 
lT
HòMyßM
e+o
ﬀMﬀ^g
\
	

lTﬀ£

\\

ÎwòMÊ.ÖŁgMolgwl
ﬀobTﬀ
	ﬀSjT£NjZÐWÎ
oMnjTQg	jM|gjMngonMIlTjc/THkW	nMﬀc
\
_ﬀMÖj
q2
ÖŁgTQÖf	T£NT	K_
	j	djM£N_
QﬀXojXHÖŁgMooÖsj
q˜2
ÖŁgT>Öb	T£NT	=_	Ö c/
ﬀj	
QﬀXojX
pngM

\\

Mol
TfòM_ÊﬀÊvﬀ¨òMÊ$=gM$Öùg	
j_ﬀ£ﬀ_Wﬀ#joTtMj	_|
gTﬀ
_
\
cK
dﬀ£7gfﬀWﬀh oT
Êß

2Bë
áT5:-."$*Z%#!#6ﬀ-$EB*,5

2Bë32Bë
í 8:DEB6v29*W-$ENP,ﬂ 
pngT	n_+ﬀtﬀzMjWﬀ1__T	Xj	« |Vub| ﬀtTc/_o \ MolL
l
.h dº£N	ËMﬀc \ _
½ Ë5 ÂÇÑ6 ¿

ÍÁ 1þçg_v
l_SËÖ
\
	.I_QoM£N	c=4oﬀ9çgQo_9z,TÖ
T¡gM@`§f
c/X	 ½ ÍÁ1
_
cK
 |Vub| ﬀ B0 → pi−`+ν Tlh ôÄ$7ﬀL¦g/c=ﬀ_9ÇKl
jh&
¥ 	XlT |Vub| £N	ﬀcùgMnc/
ﬀj	
cK
«ﬀ£,jlg/
l
hITÕ9dﬀ_¥ \ uﬀ_sgŁoc \ 	ﬀl

v M$ÖØgXﬀojMﬀ£ |Vub| X \ 	Tl
o
hwﬀ \ ﬀ_zoX
þ¨g=Â ﬀWﬀ	LQIT?SiGjWX	 Hﬀ	flgﬀ|KlﬀÈh> l
lTj	g	j|g¨Öb
ﬀ&o 

	ﬀlToT, o/gtlTj
\
_o|/ﬀ£«/Õ |ﬀjM|sz,®ZÂIjlg&lTj
\
_o|ﬀmﬀ	
\
	
\
	_Wﬀ
=gMt	
_TXﬀ`§f c/X	
_
cK
T®þ
\
X	_l
joﬀ	
Wg
\
	zWﬀz_ohwﬀ£«=z&iGjWﬀ	
v
l
.hw_KtjiGjWﬀ	¤o
\
	
\
	oﬀ: |Vub|2 
pngn	
iGj_	
cK
ËgWX7gŁ`§f c/X	f_jﬀ	hsXgMb£N	T
c X	z	X	oh
lgMI«g«|ozﬀ
\
gWX
#ﬀ£Ig«iGjWﬀ	mÐ
oM7	
jlT«g«ouXﬀ_1jG.ÖŁsl
ﬀc
\
_
ToTc/TG^ﬀ£
V
=g	
	X#Gjcz:T	mX>
\
gWﬀﬀHÖŁg
	gMu4T	dﬀl
lTj^£Nﬀ	
`e¨ ooX_ ½À¿

ÍÁºﬀpngT
\
ﬀ	ﬀc/T	+ﬀ	nﬀcK|^gb£N	

\
ﬀ	ﬀcKTT	ËX£WgdÂ ﬀWX	
QIT?:pngsXﬀojTmﬀ£1gMv`§fÙc/X	To
cK
mc/
ﬀjM	
¨_
\

M
h>gWﬀs
X_£ºh{g
sl
M_oŁ£ËgÂ ﬀWﬀ	¨ 
#odl
ﬀ		TlT
SÂI_l
 |Vub| oŁg
lT
\
 	TKG.ÖŁ¡
_
cK
Kﬀ£^gwc=4	Î ½ Ë¯Áº+_
\
	
lTowcKﬀj	Tc/T/Öj_U|	X_h
gM

\
lT	XoÛg{M
lT	
\
_Ûﬀ£Łg¤ÖXLoT	ﬀl_tﬀM¡`e  ooX_9zhLg
ÂGﬀﬀ	= 
[p7|ﬀTgM
	1ÖŁ_gKgŁlT	ﬀ_b|T/zhvgŁcKﬀj	Tc/Tbﬀ£
sin 2β

Öjow
\
Tl
uXo_h/oc
\
	$ﬀmglT	ﬀ_Ł{gf
\
wX£7gjﬀ	h=	uﬀM|omolT
z,ﬀgQlT	Xodﬀ	ﬀ|TuX®o{g
(ρ¯, η¯) \
uﬀKBko|MòMÊ$
png/c/
ﬀjM	
cK
ﬀ£ |Vub| 	Ti jMo	Tfg=jIh¦X£Ł b → u 	ﬀ_¨o¦QÖ
oÎ
jM
	I &l
 DÂ 
cKoo
\
ﬀol
b → u`ν M
lh fﬀ	z:Tm£N	dgW4 \ j	 \ t_l

gThﬀ	cjlg
ﬀ_
	D^jM
	ﬀgWﬀgﬀ	ﬀol1Tlh £N	c ŁgT	_lﬀ
\
o#ﬀ£
 _TÖﬀM/csjMlgK
ﬀ_
	ËfjIht
\

	_c/Tﬀ__hfgWﬀ
\
jM	
hs_
\
olb
l
.h «z:TlﬀjM
gThUﬀ	Q£BX	/cK	QﬀzMjWﬀ
bk_|+òMÈg.ÖŁ=gMﬀc/_Wﬀ/kHh c=X¡oﬀ|	Xc ﬀ£
	æõ©þhÔDÖ¯þhè¾êïÔ%Ö×ÙØ+*ÛïÙè¾åÔ%ÝMÔ	Ö	è¢ë ÜéÕkè¾Ú`fè¢ëMÕﬀÜÅìòÚÜÔ	Ýåþê×Ûhïþ×ÙÛMååþÜéÕÝM×MÖÛìÔ	ØÙåÛhØÚÅÔôÕÕÔæ÷MòÚÅÜéÖÜÅåÚë
ìﬀÔ	Ø|åÜ×ØÔôÝ×åþÔ	êf(ÜéÕÔÙû
ÊﬀÊ.
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1
excluded at CL
 >
 0.95
∆md
εK
∆ms &
 ∆md
|Vub/Vcb|
sin 2β
sol. w/ cos 2β < 0
(excl. at CL > 0.95)
α
βγ
ρ
η
e
xc
lu
de
d 
ar
ea
 h
as
 C
L >
 
0.
95 C K M
f i t t e r
FPCP 06
tuYvH>òM_Ê>=®Iﬀc/T/lT	ﬀ__/gM
(ρ¯, η¯) \
oﬀdﬀ_l
_j_|fgﬀM|odc/
ﬀjM	
cK
dzMjM
sin 2β
N	
j_dﬀŁﬀ£Ëke`e'ﬀÚ
½ ÄÇÏÁ

ToTlT	.Öb
ﬀ¤o
	XlT__¤gl
ﬀﬀ£7
B¯0 → pi+`−ν¯ 
l
h  w_oojM	X_Kﬀ£7g
	|_
	ﬀlToM«z,TÖ
T¤gz¤ﬀM=j=iGjWX	GbÖŁ_gKgŁÅ
\

lX	Æ
d¯
i jﬀ	vﬀ£Sg
¦c/Ts_
t_gXc/
l
.ho7|_ﬀ
szhko|MXòIòM4pngbg
ﬀ	Tol
ﬀIM
lT	
\
_
X£ËgTs	|¤_G
	ﬀlTodﬀM>ﬀ£ËgiGjWﬀ	G
x®gﬀ	ﬀ

X__¤
\
ﬀ	olTjuX	
Xu
cK
DN+o/gŁÐWWﬀ,XXGÖŁgM
	
Xu
ﬀ«£N	bXGhKlgWX	cKo
cK
SG	Tjb_/g
oﬀ	|ﬀ
bjlT
	ﬀoo
ÖŁg
Q 	ﬀlTo|vfﬀXojmX£ |Vub| £N	càgMmc/
ﬀjM	
cK
Łﬀ£Dg
zM	ﬀlgMo|t£N	XlT_¦[kËbﬀ£
B → Xu`ν Tlh 

tuYvH>SòM s>kWTh c/ﬀ@oﬀ|	ﬀc ﬀ£1
_
l	.ÖﬀQo
	XlT_o>
B¯0 → pi+`−ν¯ 
l
h
pngM
b→ u 	Xoﬀ{IlTl
j	4£º
	gl
j \ o_|sÖŁ_gtÕ |ﬀj|z,ﬀS
ÊﬀÊÊ
tuYvH>XòMyò>kWTh c/ﬀoﬀ|	XcØﬀ£I
_
lT	.Öﬀfﬀ÷`]O_
	ﬀlToMZof
B¯0 → pi+`−ν¯
M
lhﬀXpngI
\
T	j	zW4_ﬀ÷f`]UoT	ﬀloﬀDz:ÖbT
sgMiGjWﬀ	GËﬀ	«ﬀ
	hfÇKl
j
vlﬀ_l
joXm£N	cÜÐW	
\
	olT
\
_


pnggT	ol
ﬀŁjlT
	ﬀoo
/gW>M_Ä:
	T¤ﬀj	lT
¤_¡oMl
ojM_ﬀ@X'I_j
XWﬀ_h 
wﬀ£
B → Xu`ν Tlh 
Łþ ¥Il
ojM_ﬀ9XWﬀ_h 

g
	Èﬀ	¨ﬀ_çoc \ 	ﬀ
M_Ä:
	Tl
Tvﬀl
lT	Mo|@>g=WXjM	¤ﬀ£Łg¤TlhLcK
Sþ<£
Xu
o@
l	tcK

Nﬀ¢|
ρ

ω
n_+_v
l
.hO_K¥
\
	TT~oÛT	cK/ﬀ£g	
@÷`] £N	c £BﬀlT		Ë«zMjM
£^voK
\
TjX<lXuﬀ	vcK
ﬀ Nﬀ¢|
pi

η
n_ ¥1_tM
lhOovTlT	oz,
Uzhç_hL
£Nﬀ	c £Bﬀl	 Ì^
f+(q
2)
ÖŁgT	
q2
o+gdiGjWX	
=oXﬀ	oﬀ1c=ﬀ1ﬀ£®g_
\
I<
jM	_
h Tc
=mh9gMQgW
\
wﬀ£
f+(q
2)
lXUz,{c/
ﬀjM	
O
\

	ocK
ﬀ__h'NÖŁgçgo|ﬀgOXo¿
olTZþ<	c/ﬀ_

4oﬀ@T
Qz:v|T¦zh&gM
	T_lﬀlﬀ_l
joX_^ÖŁg_lg¦jMÄ:
	
£N	c 	
oXT_huﬀ	|sjlT
	ﬀ_GoTﬀS®ﬀ£ºTSSwﬀﬀ|	TsÖŁ_g&ﬀlgÈﬀgM
	



	
j_
#g=ﬀ	c/ﬀo

Xo&ﬀ£n£Nﬀ	cõ£Bﬀl	Bog=uﬀ	|
j	lT¤ﬀ£njMl
T	Xoh9_
gt 	ﬀloﬀ&ﬀ£ |Vub| £N	c ﬀ¨I_j B → Xu`ν z	ﬀlg_|{£N	ﬀl_S,pngsgTX
	TolX
\
	
_lT_nX	l
jM		T_h=c/ﬀ	
\
	
lTom£Nﬀ	
B0 → pi−`+ν Tlh dgWﬀ¤£N	ﬀh
XgT	¥MlToj_ﬀ
B → Xu`ν 
l
hI ½ Ë¯Á Dpng=cKf	
ooﬀz_tlﬀ_l
joX_¨ﬀ£ f+(q2) £Nﬀ	
B0 → pi−`+ν M
lh omlTj		
h \ 	.I_
&zh@jiGjTlg
¦uX_l
t÷`]½ ËÑ6îÌ  ÁNSzMjM
godTlgoiGjtl
ﬀ
\
	
T_h@z:jT&_hXmgo|g
q2

>
Ê.Ú
GeV2/c4
®ÁZo|gm`b
Â jcûñŁjoT+lﬀ_l
joX_
½ ËÏÁ
ﬀ	XojMT£NjM,zMjM1ght	T_htK
\M\
	Ioc/X_gWX«ﬀ	
ùæöqØåþÔßÚÜÅìÜÅå×íXèìkèÕÕÚÔ	ÕÕWÚÔæòå×ØXãZf(þhÜÖ¯þÜéÕ:ÜÅØhÝÔæÔ	Ý4èòÔæêíîÔ	ÖåÚëkó¢èÚÅÜéÝèòòê×¢÷ñÜìkèåÜÅ×ÙØíî×ê
` C
Ô^×ê
ÔæóÔ	Ø
µ
CfÕÔæÔTÕÔ	ÖåÜ×Øhû ﬀ×í
ø oú
EÇû
,æá^ÚÕ×kÜØåþÔTÚÅÜìÜ å×¾í]èﬀìkèÕÕÚÅÔôÕÕ©ÚÔæòMå×Ø<û
ÊﬀÊ$
Xﬀ_o{M_h{4Ło.Ö
q2

<
Ê.Ú
GeV2/c4

Ï
\
T	_c/TGﬀ#WX/lﬀ>z,jM
>¤_l
	ocKoW4z:ÖbT
&gM
f+(q
2)
gW
\

\
	¥
MolToMmﬀ£«ﬀX	oﬀjf÷`] cKIM
o^zGh>c/
ﬀj	o|{g
f+(q
2)
gW
\

\
	Tl
o
h#ÂIjlg¦
cKXj	
cK
Kﬀvh9
KgQ
\\
	M_c=4oﬀc/ﬀwoLgwc/ TotzjMvKﬀo
_ﬀM/vc=XooT	g
	TolXSjlT
	ﬀohw |Vub| 
þ¤golT¥I
MgM
\
	TTGﬀﬀ_h _bﬀ£
B0 → pi−`+ν Tlh ÖŁoo,l
ﬀl
TG	X
ﬀzMﬀ_oM|ﬀwXl
l
jM	Xmc/
ﬀjM	
cK
nX£Zg
f+(q
2)
gW
\
mo=	T	b 	ﬀlTŁscK	
\
	
lToXﬀ_jﬀ£ |Vub| £N	c gcKﬀj	Tc/TX£7gﬀﬀ B(B0 → pi−`+ν) 

2Bë32
ú í
8:DEB6t*,37
ﬂG".P(37ANﬂIK29ﬂG(W!D"$ﬂ %YE[5ç-$87EBt(W5D(WAZE[
pngt|ﬀﬀ#ﬀ£1g_mﬀWX_h _^o¤cKﬀj	gtgW
\
sﬀ£1g
q2

\
TlT	jc X£
B0 →
pi−`+ν

l
hIwX=ÖbToﬀ=g@Xﬀk B(B0 → pi−`+ν) bpng@ÐWﬀ q2  \ 
l	jMc
_lT		
l
¦£N		
lT	jl_LTÄ:
lszh¦
\\
_h o|ﬀ¦jM£N_o|ﬀ_|	gc 9g
	Ö
q˜2

\
TlT	jcQpngçﬀﬀtk o&ﬀzMﬀ_
ﬃ£N	c gçjc X£/g
\
ﬀ	uﬀkW
∆B(B0 → pi−`+ν, q2) Tﬀ
'gM
	
X£ºT	 ∆B(q2) cKXj	
Yo Ê$ q2 z_
«png
q2
gW
\
tﬀ£«gMto|ﬀWﬀ_
\
	

9ﬀmgv
\
TlT	jcõﬀ£1g
\
ﬀ	uXz	ﬀlg_|{£N	ﬀl¥
oM
∆B(q2) 7ﬀ|Tg
	fÖŁ_gçl
.Xﬀ	oﬀl
=c=X	ÎÈ|_ oM|gM¤l
		TuXofz,TÖ


gng
∆B(q2) ﬀXojT+c/
ﬀj	
KosgnﬀX	oﬀj q2 z_
ﬀpngŁc/
ﬀj	
 ∆B(q2)  \ Tl
	jc oﬀ_{lTc
\
ﬀ	T¨{g
\
	
_lToX£«Xﬀ	ojM÷`] l
ﬀolTjuXoM
:ﬀ&Ð

tc/ TM
\

T
\
ﬀ	ﬀcKT	

X_«ﬀ£Dg
f+(q
2)
£Nﬀ	cà£BﬀlT	
 Õ9mﬀzMﬀ_=gMmﬀ$
_jsﬀ£ |Vubf+(0)| £N	c g f+(q2) Ð	TjTS 	 \ uX
> q2 Ì I®pngtXﬀojMﬀ£
gf`§f c/X	=
_
cK
 |Vub| _gTQ¥ 	XlTT£N	cÜgl
czoW4oﬀ¤ﬀ£ﬀo,gT
	
j_


2Bë32
 Ñ
5D(WAZE[vT-"4(I-.ﬂGFW

2Bë32

2Bë
í
"$ﬂPDEN*:!#v29ﬂG(W!D"$ﬂI2¦ﬂI5,-$
«ﬀ_j
1ﬀ£ |Vub| gWﬀo	ﬀIhtz:T
K 	ﬀlT
K£N	c g B(B0 → pi−`+ν) zhK`ÁDÏ=
½ Ìô¿¿

ÎÁN,¬®­S¬®­¯k½À¿

Ï6 ¿

ÑÁZﬀ>bÏ«ÁDÁDÏN½À¿Ç¿

ÁBWpngTs	
jM_do
ﬀQjd/M
_|>X>ﬀWX_h _
zﬀTﬀwoM.ﬀ4_ﬀmTlgoiGjfTﬀTwÅo mM
jM	oMK	
lT	jl_IÆ
ÊﬀÊ.ò
þ9g/Ð	v`Á#Ï=
\

\

	 ½ Ìô¿qÁNZg/cKoWXGjlT
	ﬀ_GhÈ9z:ﬀg¦g B(B0 →
pi−`+ν)
X |Vub| ﬀ	£N	cûgMmjlT
	ﬀoo
o=g f+(q2) £N	cû£BﬀlT	
 pngmÄ®TlT
X£,g
njlT
	ﬀoo
sg B(B0 → pi−`+ν) gWXË_l
nz,
TK	
jMl

tm
|_o|_zo
_Tﬀ
«zGhÈcKo_c/

_|=gM=
\
T
Ml
{ﬀ£g=¥
\
T	ocK
ﬀlTjM
q2
ﬀMLzh¦lTct
\
jM_|/go|WXZT
lTo@TÇKl
_
lh@_TT	ﬀzodﬀ£
q2
Í ,png_^
\M\
	Xlg>oﬀo
X
\

=_Kgo«ﬀﬀ_h _1ovÖŁgolgKgdoTo|XoKﬀ£:g
f+(q
2)
cKIM
<
\

M
lT
_ﬀ£«jMcKoc
\
	ﬀMl
ﬀ

TÖ |
M
	4	TZkËÁ

pd÷IZﬀmÖ
_1ﬀ¤£N	c £BﬀlT	m	¥
Ö
_|g_|
\
	 l

Mj	D½ Â

ÁNGgWmz,
T¤
oﬀz:ﬀ	X
v£BXl
o__Xbgo1_Gﬀ
o|X_/_/g
To	
q2
	X|ﬀ
p#	
jMl
vgvjlT
	ﬀ_Gh¨ﬀÈgtﬀXojtﬀ£ |Vub| l
ﬀG	_zjMT¦zh&g f+(q2) ¥
\

M
lTﬀ+jM		X
|ﬀh9gWﬀsz,
TÛ>c/4IocK

Kg¤ 	ﬀl

B0 → pi−`+ν _|Wﬀ
h _
oM
DpngofgMjo9oXÈ>z,TT	ÐW

f+(q
2)
gW
\
=ﬀ¦gGjsc/.hÈXoo.Öùj
MolT	_c/_WXz:ÖbT
9gtﬀX	oﬀj÷f`] c/ Tomj
9|ﬀ
T	XvgogW
\
ﬀ

\
	
lTo
\
T	_c/TGﬀ®MTT	cKoW4oﬀ=ﬀ£Zg
f+(q
2)
gW
\
ﬀ_tXoo.ÖŁ«t 	ﬀl |Vub|
£N	c hQÖ
_<lﬀ_l
joXTQM	c/ﬀo

Xo
\
_G
WÖŁ_g@csjlg>	
jlT
>g
	TolX
jMl
T	Xo_
U½ ËÄÁN

oﬀ	|ﬀm_|Wﬀ®h _
o{_bgMfc/ﬀ_¤c/X_XXoK£N	noc
\
_
cK
_|g
_IﬀTjM	ov	Tl
M	jlTowTlg_i jMﬀ
png×ﬀ||_|t
lgMoiGjT
:ÖŁgMolg@	
iGj_	fl
jMgXd	
j_ovo_TlT_
ÇKl
oTlThﬀGoXKfo|ﬀh o
_ËgXﬀ	n c/ﬀoIfﬀo_.Ö'
\
	Tl
_Łc/
ﬀjM	
cK
«ﬀ£
g
q2

\
TlT	jcﬃﬀ£
B0 → pi−`+ν Tlh 7ÖŁgf¬®­S¬:­¯dx¢D	jMÊT<önWXﬀ¥½À¿  Ñ6 ¿Ç¿  ÁB

gj|ﬀggMTh
\
	$ _gMo|gT	Ło|ﬀWﬀ
\
j	_h¤gWﬀQÖŁ_gQj	
\\
	ﬀlg®,pngMf	ﬀ_Wﬀ
M
jM	oM=	Tl
M	jlTo
®{¾²
`ÁDÏ=ûgﬀ
\
	.I_
@jMÇKl
_
hQuﬀ	|o|ﬀWﬀZh o
_Ł
Xoo.ÖùcK
q2
<
\

M
lT¤oI£N	c/X_@ÖŁg9`Á#Ï=sx¢WXﬀ½À¿

ÎÁBDX9cK	tÖŁg
¬:­S¬®­¯dxy^	jÊTvWXXT
½À¿

ÏÁ
©
d$ÖTﬀ
	T®g	
iGj_	Tc/TG^gWXgo|ﬀWﬀD
jI	_
z,¤Ö
on	
lT	jlT¡zhL_|ÈTTvÖŁ_gOﬀM_oWXcKooM|
\
ﬀ	olTo
lﬀj

_c
\
	ﬀo|ﬀS
l__TÇKlTo
Ml
oTngWXdX	_
QowjM	XWﬀ_h o

cæõ©þhÜÕ
q2
qÝMÔæòÔæØ)ÝMÔæØ|åèòòê×ÙèÖ¯þf×ê.-ñÕ×ØÚëvíî×Ùê
B → Xu`ν
ÝMÔôÖæè¢ëMÕTÜØ|óÙ×ÚóñÜÅØï%òhÕÔæÛ)ÝM×ﬃqÕÖ	è¾Úéè¾ê
Xu
ìﬀÔôÕ×ÙØhÕ	ûL8ñÔæÔTáGòhò)Ô	ØhÝMÜÅ÷¾0×¾í3m(Ôíûø oú
ÊﬀÊö

2Bë32

2
ú Ó8Dﬂ&E[5#5D*IP(I-$ENP,ﬂAB*®*:Tﬂ>5DﬂI!Z-."4EB5#*¦"4ﬂ 6*,5#T-."4!76ﬀ-.EB*,5O-ﬂI648#57EBRS!Dﬂ
pngKo t
jM	_w	
lT	jMlT_ÈouX	|T_ho
\
o	
¨zh>gÅ<	X_oWXÆfTjI
	_/	
lT	jl_L,z:ﬀg@cKTgIM^jgMTﬀ
TxScKoo|KcKc/Tjc ﬀ^ﬀ&
\

\
	Ioc/X_&@g=o|WX«M
jM	oMDpng¤
TGuﬀ«Ä®T	
Ml
=z,TÖ
TÛgKÖb¨
\

\
	ﬀlgM
=_KgWXKgQ_|g/M
jM	oM9iGjWﬀ__hÛlTjMKÖŁgolg'TjM	@gWXKgQ
jI	_
\
	
\

	oTﬀ	sÖ
_Xﬀ
¨_GQﬀl
lTjÖŁg
Èl
ﬀc
\
jIoM|
q2 = (P` + Pν)
2 ﬀ	vÎ
M
9_¦g/_Iﬀv
jI	_Q	
lT	jMlT_¦
lgMoiGjﬀ7þ¦gofﬀWX_h _
SÖ=lXol
jMuX
_ﬀÈg/c/ﬀc/TGjc 	ﬀ£N
	ﬀ
q2 = (PB − Ppi)2 Dpng_M_Ä:
	Tl
/c=hÈ \M\ 
ﬀ	
{z:c/ﬀo[,zMjM	Tjm_¨¤_|_ÐlﬀhwolT	
ﬀTÈo|ﬀ7ÇKl
oTlTh¶Î.:Õ~gM
¨j_|
q2 = (P` + Pν)
2 ZgK	T_jM_¨ﬀ£ q2
_l
c
\
oT_h&ﬀc/_WXT¨zGh&gK	
lT	jMl

&TjM	o:gcK	
\
	Tl
_g
q2
	T_jM_SWgc/		o|Tmg
jI	_
iGjWXo_h>l
jM
7bjM_j	ﬀjMgWXgM=TjM	oQiGjWﬀoh¨l
jMM
\

ÛXcsjlg¦
g{_|Wﬀ
B
M
lhçXtÛg{ﬀg
	
B
M
lh×
B
c/TKﬀ	wﬀ_Öbh 
\
	 jlT
Oo
\
ﬀo	mX
B
£BﬀlT	_
¥

=lTTiGj
lTﬀDc/ﬀhM
jM	_¤iGjWﬀ__hQl
jMﬀ	sﬀ^|I 
4_lT	ocKoX_|¤_|WﬀË£N	c zWﬀlG|	j¡DgThÈoc
\
	.ﬀKg
q2 = (P` + Pν)
2
	
ojMowzjIMﬀŁg_|WﬀuÉXzWﬀlG|	j¦[ÂÉﬀn	4oMﬀwgMThwo
ﬀ{Koc
\
ﬀ	XG
o|ﬀ#h _
o&_T®pn_|g
jI	_{iGjWﬀ__hQl
jMgWKﬀ_¤	
jM_T¨o>	
u4_ﬀ
hoﬀ	|ﬀ
h Tc=4ol/jlT
	ﬀoo
o9g
\
ﬀtz,
l
ﬀj¤ﬀ£ngM
o	fTIh¨>c/ﬀh¦ﬀ
\

l
X£g¤£NjobTT=ocsjoX_SDþUﬀOﬀWﬀhIoÖŁgO&uﬀ	|¤Gjcsz,
	vﬀ£
q2
zMoTg_
Ä®TlTz,
lTc/Tmoc
\
	ﬀHþ&gs_IﬀsTjM	o=	
lT	jMlT_S®gs	
l
ﬀ	jl

M
jM	oM@ 
ﬀgW=@c/XlgÈg/	X«o|ﬀ1
jM	_ÖŁgLQ| IÈ	T_jM_
z,
l
ﬀjKX£«gtjtﬀ£1gt	
u4oﬀ
q2 = (PB − Ppi)2 S]^Tﬀo_^&gMt	
lT	jMlT_
X£
q2 = (PB − Ppi)2 ﬀ	|_ﬀ
QoÂI
lHòMyòMyòM
png
\
	IlT
Łﬀ£7	Tl
M	jlTo|vgMfM
jM	oMKl
ﬀQﬀovz:j
Qi jM_Ç/lToTG_h/
	¿TlTnzWXl |ﬀ	jM
WkW	Mﬀc
\
oX gmlTjMﬀ¤gmiGjWXG_o

∆E
ﬀ
mES
½À¿Ç¿Ç¿qÁ
gX
	
iGj_	^gWXbgmjcÜX£Zgm	
lT	jlTQM
jM	oM
pi
X
`

T	|_
nﬀM¤c/ﬀc/TG
z,{l
ﬀc
\
4ozMovÖŁ_g
B0 → pi−`+ν o|ﬀWﬀ«
l
.h /ﬀ	¤ﬀc/ﬀ|>gM{c/tjT£Njﬀ

k
h×ê©Ô÷èìﬀòhÚÅÔÙãÙåþÔ
B0 → pi−`+ν ÕÜÅïÙØhè¾ÚÔ ÖÜÔæØ)ÖëkÜØåþÜÕÚ×ñ×ÙÕÔ^ØÔ	ÛMåêÜÅØh×êÔ	Öæ×ØhÕåêÛhÖÇåÜÅ×ÙØè¾Ø)è¾ÚëñÕÜéÕ
ÜÕ(èòòê×¢÷ñÜìkèåÔæÚëHhûD;TåÜÅìÔôÕ(þÜïþÔ	ê©åþhèØ4ÜØUåþÔTòêÔæóñÜ×ÛhÕN5EGFIH@NØÔæÛMåêÜØ×kêÔ	Öæ×Ø|åêÛhÖÇåÜÅ×ÙØ4èØhè¾ÚëMÕÜéÕGø ÒgoFjú
ä|ë»ﬀﬁﬀﬃﬂ]û
ÊﬀÊ$ø
_L	
loM|@g=zWﬀlG|	ﬀjço9goﬀWﬀh oT

s
\
oﬀoM
L_çÂI
lX+òMyòMIÚI
∆E
o
gtÄ®T	
Ml
sz,TÖ
TÈgtc/
ﬀjM	
ÈﬀM&
\
TlT
¨ﬀXojTmﬀ£1g
B
cK
&
M
	|Xh
X
mES
_gscKﬀj	T
B
cK
>c/ﬀT(=^gT	^TjM	o{iGjWXohwl
jMjlgÈﬀ^g
TG
xGﬀﬀMlgﬀ	|dﬀMKcKo_|c=X+iGjWX	
=ﬀ	nMﬀ«ﬀ+jT£NjW_oXgŁ_|Wﬀ
X@X	mgGjdﬀŁjM
@ﬀwj
@_Qtﬀ
	hwo mÖbhH	T
\

lT_ﬀ
_hﬀ
p#s	Tl
\
_jMuXﬀg^o d
jI	_s	
l
ﬀ	jloﬀ¤ob£NjohtjX||
¤
lgMoiGj
|ﬀ_ o|tgoﬀ	|ﬀ
do|WXShI_
_
Wþ<
\

M^	Tl
	jlTo|KgXﬀojﬀ£
q2
j_|
gm	
u4oﬀ
q2 = (PB − Ppi)2 ﬀM¤jTngmM
jM	oMsoM£Nﬀ	c/X_/ﬀ_hvg¥I

gWXŁŁlﬀQ	
lTdcK	zﬀlG|	jMQgWﬀQ_|Wﬀ[

2Bë32

2

ZENF,5#(WAﬂ
å
-."$(W6ﬀ-$EN*:5

1	
j_+X£:Ë_IﬀblTjMTgn_IﬀbM
jM	oM	
lT	jMlT_tTlgoiGjŁ_ﬀ7
ﬀ
	hg_|go|ﬀhI_
_
4ﬀ£gb	
	7ﬀ£:øﬀﬀd
1£Nﬀ	
B0 → pi−`+ν Tlh +j_|^g
¬:­S¬®­¯dxy	j=ÊTö>XﬀT(¤7png
wgo|gM
	o|ﬀ«h _
oMsﬀ	¤ﬀ£Łl
ﬀj	wﬀl
lTc
\
ﬀoT
zh9go|gM
	zﬀlG|	jMÛhI_
_
kH	c>X__lﬀ
\
oﬀ£ŁI_TÖ7go|g9o|ﬀWﬀ1hI_
_
l
ﬀÛl
ﬀc
\

X=o.ÖÜÂÉﬀ 	X_f&|_ﬀ=c=ﬀ_jMl
T	Xo_

ß
.ÖTT	
ËÖŁgÛ>lTjM
Xwl
j
\\
	ﬀlg®MgTg_|g{zWﬀlG|	jwh o
_nl
ﬀjo{	
jM_Ło{oﬀ	|ﬀmh 
c/X_l
jMl
T	Xo_
^z,
l
ﬀjscKX£ËgTc X	
\
 	h{G.ÖŁSSþ
\
X	_l
joﬀ	
g
b → u`ν
XlT_ jMjcózWﬀlG|	jwh oTodﬀ	z:ﬀg@
\\
	Ioc/X
_h¤_c/Tnc/	ﬀzjMWﬀ
gWﬀwgo|ﬀ®h oTo{ÖŁ_gwgo
lgMoiGjﬀ
`bM
iGjT_hﬀWgo|WXSﬀ{zﬀlG|	jMQh _
oMnﬀ	¥ 	XlTTjMoM|vÐŁo¤g
\
	

KﬀWX_h _
#þ9£BﬀlT
#g¤g_|g9zﬀlG|	jMÛhI_
_sﬀ	=jT£Nj_l
¤c/ﬀX
s
\
ozMonfÐ1gTc _/
\
X	X
¤l
XT|	_
ToKTﬀ
	ﬀ
q˜2
	
|_
GkW	1¥Xc
\
_ﬀ
∆E
X
MES
g
\
T1ﬀ£:gŁuﬀ	|Gjcsz,
	1ﬀ£,lToGjjMcûﬀ
b→ u`ν zﬀlG|	jM=

l
ﬀL
ﬀ__hÈz:KÐ
S7png¤g_|g9XoolT
\
	.I_
9zGh¦j	fTlgoiGjwXogW¤g
XMXﬀﬀ|gWXŁgﬀÄH	
WﬀlTWXvl
ﬀG	Zﬀc
\
oXxynh oTowlﬀQz,fG.ÖŁ@ÖŁgQ
	
oX
hK|I ¤Xool
ﬀ
\
	
lTooS ÖŁgolg{_bT	h{jMT£NjM®tlT	ﬀ:gMl
_Gjjct
	
oXThITc=Xol
			
HﬀM@ﬀ_o.Ö jnKc=ﬀX
\
	Tl
olTc
\
ﬀ	_Mnz:ÖbT
>W4
X/ocsjMuXoSXkW	ËgMo+	
ﬀﬀSgŁo n
jM	_	
lT	jMlT_v
lgMoiGj	
j_
_9g_|gÈo|ﬀWﬀ+h o
_ÖŁ_g¦c/ﬀo+Xool
ﬀ1ﬀ9	
oXT_h&c=ﬀ_+h 
c/X_l=jMl

	¿
ÊﬀÊ.Ú
ﬀoo
TWþ<^_dgGj^_ﬀ__h=j
Q£N	/cKﬀj	Tc/TGﬀ£Ëg
f+(q
2)
gW
\
ﬀŁÖbTo7ﬀ
gfkÛﬀ£
B0 → pi−`+ν 
l
hIT

2
ú ß (M-(9
(29)ANﬂ 

o+j	cKﬀj	Tc/TÖbT	=c/ﬀtÖŁgÈ	XX¦ocsjMuX
¨WXQ	
l
ﬀ	jl

ÖŁg¨¬®­®¬®­¯dxyñÊ.Ú¤X£ºÖﬀ	v	
_ﬀ
TSGocKcK
>ÖŁ_g>gslÂMÁD)lmj_ jko
	¿¿ñÊ.Úﬀl
ﬀ£ºÖbﬀ	 ½ ÑÎÁ ﬀÛﬀﬀ_h

T9ÖŁ_g9gM¤ﬀWX_h _XÚQ	
o
ﬀXpng=ocjuXo&Öbﬀsﬀ
ÖŁgQ¬®­®¬®­¯x¢ÂMe«øKXÂMe1ÚKﬀ£ºÖX	f	
_ﬀ
T
Õ¦bj
tX_oﬀ	jsødﬀÄH	
WﬀlTbW4^XocsjoXTsÂIe«ðWXn|
M
	4
p=j >` ﬀc
\
oT{?Â 
lT
òI IÊÊ$ﬀ9lTc
\
jM/l
oGjjc >` l
ﬀ		TlTo=?Â 
lT

òI øII«pngÈÂMe1ð
uu¯/dd¯/ss¯/cc¯/τ+τ−
TGQﬀ	&Xo¦l
czoT'ÖŁ_g¡g&ÂMe«øÉﬀÚ
ﬀ
t&|ﬀTtgM
∆E

mES
gMo|	ﬀc/jT¡ﬀsÐM=e1]mkWs£N	sg{l
ﬀGoGjjcQËpngT
X>Ö
	w	
l
ﬀ	jl
OÖŁ_gU¬:­S¬®­¯dxyKñÊ.ð>X£ºÖﬀ	w	
_ﬀ
T+GocKc/TÛÖŁ_gÛg
lÂMÁD)lmj_ jko
	¿¿ñÊ.ðﬀz¤ﬀ£ºÖbﬀ	ÙÏ^ﬀM@ﬀﬀ_h

TQÖŁg{gMXWﬀ_h oòMÊ	To
ﬀX
png£N_o.ÖŁo|ﬀc
\
oTŁﬀ	jM
o{gMoŁﬀWX_h _
>~ñdjMÊö=I<	TWXl
fWX@ ≈ 206.4fb−1 ÖŁg_lg@lT		
 \ M
:ﬀl
lT	_|v
gf«<l
jo|Kﬀ_|	gc
½À¿Ç¿ÂÁ
/I¢övc/_oo_
BB¯

l
.h :m
>~ñdjMfÊm«övﬀÄH	
ﬀWﬀlTfX ≈ 21.5fb−1 :m
>~ñdjøtﬀÄH	Tﬀl
W4Q ≈ 5.503fb−1 :m
>×ÂIo|ﬀZÂMe«øÉXÚ/kËÁ

pd÷½ Â

ÁS`ﬀ	_Q?ÂMe<öGﬀÚﬀöG^
>ﬃÊ.Úﬀòð§
B0 → pi−`+ν É B¯0 → X w BlXylX f
l
.h TÖŁg
	 X ﬀM£N	ﬀh
\
oz_mÐWWﬀZXﬀ£Ë
B¯0

B0
Tlh¦ ≈ 4130fb−1 ﬂm
>ﬃÊÊòﬀ
B0 → pi−`+ν É B¯0 → X  w lﬀ¢lﬀ#Tlh Ë|
M
	4
ÖŁ_ge
%=mp=Â ½À¿Ç¿ÄÁ
j	T@ﬀÄç ≈ 2849fb−1 :m
>×ÂMe«øÉﬀÚK>`×zﬀlG|	jMf
> ∼ øﬀ |T
	ol B0B¯0 Tlh ôÑv ≈ 957.6fb−1 :m
jæõ©þhÔRÕÔæÚÔ	ÖåÜ×ØhÕ×íåþhÔKJ8MÓXß:å×-J^ÛhÚÅØñÛL]ÜÚ åÔæêQmn]6}¾ä è¾ØhÝLJ=8MÓ¶ßﬂå×-JÛÚÅØñÛL]ÜÚ åÔæêQm\]yÖ!Õ-|ÜìkÕsè¾êÔ
ÜÝMÔ	Ø|åÜéÖæè¾Ú
pæõ©þhÔ
B0 → pi−`+ν ÕÜïØhèÚÔ	óÔ	ØÙå¯Õ©þhè¢óÔßäÔæÔæØ%êÔæì×óÔôÝkíîê×ì-åþÔ B0B¯0 Õè¾ìòÚÔ	Õ	û
ÊﬀÊ$
> ∼ øﬀð |T
	ol B+B− Tlh t ≈ 1053.6fb−1 :m
> ∼ öGﬀ cc¯ Tlh t ≈ 324.3fb−1 :m
> ∼ Úﬀ uu¯/dd¯/ss¯ 
l
.h s ≈ 323.9fb−1 :m
> ∼ òﬀöGﬀ τ+τ− M
lh  ≈ 383.9fb−1 :m
>×ÂMe1ð=>`~zWﬀlG|	jf
> ∼ öÚøﬀ |T
	ol B0B¯0 Tlh ¿   ≈ 844.6fb−1 :m
> ∼ öGøﬀ |T
	ol B+B− Tlh t ≈ 820.8fb−1 :m
> ∼ öÊ. cc¯ Tlh t ≈ 315.3fb−1 :m
> ∼ òﬀöGøﬀ uu¯/dd¯/ss¯ 
l
.h s ≈ 165.3fb−1 :m
> ∼ Xöö τ+τ− M
lh  ≈ 274.5fb−1 
png£No_$ÖŁ_|fﬀjc
\
_Ö
	mc/ﬀzIﬀ_/gM^ojMc/__
+l
ﬀ		T
\
_|
tg>`~ﬀc
\
oT
>~kHﬀ	
BB¯
ÖbjT¤gdl
TG	ﬀHXﬀojMd|ﬀ_T=zhvg^UlTj_|sXo|	_gc ½À¿Ç¿ÂÁW£Nﬀ	
gvñÊ.Úﬀlt	jvÊTö{XﬀTvËÊﬀ_Ê.IÊÚﬀßIyòÚMÊ
BB¯ \
Xo	
\

	
fb−1
ZﬀÈﬀjcK

gWX
BF (Υ (4S) → B0B¯0) = 50.0% m
>~kHﬀ	
B0 → pi−`+ν o|ﬀ?£N	c g BB¯ Gjcsz,
	
+Ö£Nj	gT	/XjMc/TUgX
BF (B0 → pi−`+ν) = 1.33× 10−4 m
>~kHﬀ	
uu¯/dd¯/ss¯
ﬀM
cc¯
DÖb=jTçg=lT	<
l_t|
9oLñŁT£¿½ Äô¿qÁº#h o
_oM|
	

\
TlT_T_hQ ßﬀMÈÊﬀò Tﬀ

\
T	
fb−1
m
>~kHﬀ	
τ+τ−
Ö^j
¤gGjcz:T	b|
/o/ñd£¿L½À¿Ç¿Ë¯ÁZIðßﬀIÉﬀßﬀﬀsTﬀ

\
T	
fb−1
£N	gWÉXﬀÄH	Tﬀl
XM
Ògo	õ©þhÔ
B0 → pi−`+ν ÕÜïØhèÚÔ	óÔ	ØÙå¯Õ©þhè¢óÔßäÔæÔæØ%êÔæì×óÔôÝkíîê×ì-åþÔ B0B¯0 Õè¾ìòÚÔ	Õ	û
ÊﬀÊ.ð

2
 ﬁﬃﬂ-$8D*Z%

2

2Bë
é P,ﬂG".PDEBﬂNM *,;Ł-$8Dﬂ@(W5D(WAqDEBvT-.ﬂG)

£º
	
\

	£Nﬀ	cKo|vﬀ
\
ocK

T{Tﬀ
ToTlT_9?ÂITlT,òMyòMgÐWWﬀD	TjŁﬀ£
goŁXWﬀ_h oŁﬀ	zMXoTQzh{Ö/jz
iGj
mÐM?ÂITlT
HòMòIyöKﬀòMyòMyð
Õ¦¤ÐW	t
	c/_=g
q2

\

lT	jc ﬀ£Łg
B0 → pi−`+ν o|ﬀbXÖbTobﬀt_
ﬀXDkØ[ÂI
lT®òMyòM¢öK¤òMyòMHkW	ngWX
\
j	
\
ﬀHÖbf
\
o_Łg
_
lT
>ﬀc
\
oTd_
Ê.
q˜2
	
|_ ¿Ç¿ :þ¨Xlg&	
|ﬀoS:=Ðm=gMÖb4_c/T_Wﬀ
∆E

mES
_	ozjIoﬀ
_
\

	£N	cK
/oK	M
	1¥ 	XlTbg^o|ﬀWhI_
_¿Â png jMcsz:T	X£
q˜2
zo^Ê.1gﬀ
z,
T{lg
{
\
	.I_ms|ﬀI =zWXuﬀlT^z,TÖ
T	
ooﬀlT{ocsjMuXo
\
	
_lT_T
lTc
\
o¥Mh^X£IgËÐ#ﬀﬀﬀ B(B0 → pi−`+ν) jMl
T	Xoh  dN
  \\ $òMÊÊ$¥
png
	Ö
q˜2
Mo	_zjM_Kog
=jM£N_
=sl
ﬀ		TlT£N	g^zoﬀﬀ{	T_jM_KTÄ:
lTﬀ£
gm	
l
ﬀ	jloﬀSIpngMjM£N_

q2
h oTobﬀ	_ _
¤zhKg^o|ﬀWﬀ,	
lT	jMlT_
ÇKl
oTlThmoXlg
q2
zomdﬀzMﬀ_^gM
\
ﬀ	uﬀXkW
∆B(q2) 
pngËﬀﬀ B(B0 → pi−`+ν)
_1zMXoTK£N	c gMjcûﬀ£®g
∆B(q2) png q2  \ 
l	jcàﬀ£®go|ﬀo1¥ \ 	
T
XgM
\
ﬀ	oﬀWz	XlgoM|£N	XlT_«
\

l	jMcG|ﬀTgM
	1ÖŁ_gKÖbtlT.ﬀX	uXl
dc=4	_l
T
N«£N	#g«4o_lﬀGjlT
	ﬀ_GoTﬀMs«£N	#gbh Tc=4ol«jlT
	ﬀ_GoTSÖŁgolg
|ﬀ_gMlT		
u4oﬀdﬀc/ﬀ|KgﬀXojTﬀ£7g
∆B(q2) c/
ﬀj	
owg_Ä:
	
 q2
zMoT
ÂITl
M_hﬀIÖ^ÐbÖsÄ®T	TGbc/ TM
\

T
\
ﬀ	ﬀcKT	

X_Ëg
∆B(q2)
Mo	_zjM_ﬀXojWXbgM
\
ﬀ	ﬀcKT
	«MTÐW_|gŁgW
\
dX£
f+(q
2)
ﬀvzMﬀotg
Xﬀ_j^X£ |Vubf+(0)| ?ÂITlTMòMyòMð png ∆B(q2)  \ 
l	jcóﬀM{_l
.Xﬀ	oﬀlTmc=4	_l
T
X	¤g.ÖTﬀ
	Ki jMﬀTO¥
\
o_l
__h¨¨Xoo.Ö £NjIj	{jMoTsÖŁ_gÛM_Ä:
	T
f+(q
2) \
ﬀ	$
cKT	

Xo«jo|g
\
	

ŁWXMMþ¤gm
MSIgmcKﬀj	T
∆B(q2) _	ozjIoﬀ
_lTc
\
ﬀ	TÖŁg
\
	
_lToŁ£N	ﬀc ÷f`]ùlﬀ_l
joX_?ÂITlT
®òMyòMyßH£N	ﬀcóÖŁgolg@Ö
¥ 	XlTŁXﬀojTŁﬀ£ |Vub| [ÂI
lHòMyòMÊ.¥
ÒÒÇõ©þhÔê¯è5fJóèÚÅÛÔôÕG×í
q˜2
è¾êÔÝMÔ'hØÔôÝDèÕ
q˜2 = (PB − Ppi)2
ÜÅØvèGPO? è¢óÙÔæê¯è¾ïÙÔ^íîê¯è¾ìÔIﬀø ÒÒg,ú"C)8ñÔæÔ8ñÔ	Öå	û
zû zû zEÇû
Ò

õ©þhÔ
b → u`ν èØhÝ×åþÔ	ê BB ähèÖF-ñïê×ÛhØhÝRëñÜÅÔ	ÚÝÕ%èêÔsè¾ÚéÕ×!ÝMÔåÔæêìÜÅØÔôÝ äñëRåþÔå	ã(äÛåUåþÔ
Ö×Ø|åÜÅØñÛÛìxÜÕ"h÷ñÔôÝcû
ÊﬀÊ.ß

2

2
ú Þ P,ﬂ 5:-/
ﬂ ABﬂ 6ﬀ-$EN*,5
ÏËTQgj|ﬀg¤g'cK
nﬀ	ﬀ_Öbh 
\
	 jlT
wo
\
ﬀo	
GgTlh¤X£#gmﬀI
o|ﬀSYonMﬀŁjTQÖŁg{gMo TjM	ot	
lT	jl_Q
lgMoiGjﬀ

o®gl
jI
4Tc
\
b 	ﬀlTngm_|Wﬀ
B0 → pi−`+ν 
l
hIn£N	càzWﬀlG|	ﬀj \ 	 lT

gWX
_Iﬀ_c/_uﬀ	Dgo|ﬀ ¿Ä pngng	
dc=ﬀ_tjM	l
TX£®zWXl |ﬀ	jM¤ﬀ	d
cKo_
\
ol
b → c`ν ﬀM b → u`ν M
lh 
«ﬀMOlT_ jMjc Tﬀ
vÖŁ_gO D cK
ç
l
.h _|

cKo_
\
ol
ﬀohDpngwl
jIvlﬀOz,QlTuﬀÐW
çoÛçl
XT|	o
{Goc
\
	

_
lTo®
o|ﬀ7_
\
¨ﬀ
\
o>_
_ÐWl
X_SHGoTc=Xolfl
MoTlTh&X£+g
pi
cK
¨ﬀ
`
_
\
@cKcK
IWl
_Gjjc 	
lTo®
b → c`ν 	
lTo>ﬀ@M
jM	oM=	Tl
M	jl
o®SÕ~g
9g
	¤ﬀ	/Tﬀ
	Xb_|Wﬀ1l
ﬀ_WXT_Lﬀ¦Tﬀ
vX£º
	
\\
hI_|Qﬀo+g
lTjMTÖbfToTlTdh¤ﬀ£#gMfl
ﬀ_WXﬀQ	¿TlTŁgMfXgT	


Ë
\
oﬀoTtosÂI
lòMyòMIyòM4go|WX
pi±
ﬀ
`∓
	ﬀlG1ﬀ	Ð
sm^l
cKcK
ﬀ
	:«pngovÐK	¥ﬀXojWX
tgM
pi
ﬀ
`
	ﬀl
\
ﬀ	ﬀc/T	vzhçl
	ﬀo_|¨z:Xg
	ﬀlGK9gWﬀ	>¦lTcKc/
\
oKoOgwgM	
¥_c/T_Wﬀn
\
ﬀlTﬀÏËIlT
\
¤£Nﬀ	Kg
Goc
\
	

oTlToSIÖbﬀ	fﬀÖh Łj_|tg	
jM__|
pi±
ﬀ
`∓
	TÐTcKcK
M

.T	 oÖﬃﬀ£Ëﬀo,gl
jIdjT@o{goŁﬀﬀ_h _noŁ|
w_Qp7ﬀz_
dòMÊfﬀòM  
ÖŁgMoosgKzWﬀlG|	ﬀj9	
jMlT_
\
.Ö
	fﬀ£gKc=ﬀ_¨ﬀWﬀh olTjMfo_oojM	XT&zh
k7o|XòM¢öpngnlTc
\
__sﬀ£HgÐWWﬀMﬀc
\
o[ﬀlTl
	o|mf>`OocsjMuXoHZo|_ﬀ

_sp7ﬀzoT+òMyòmﬀsòMyöMﬀpngMTÐW_sﬀ£H
ﬀlgvl
jM+_|TsjzMiGj
_ht_vÂI
lòIòMIÊ
òIòMIIpngdXﬀojT1ﬀ£®g
q˜2
<
\

M
lTjMﬀ	d|ﬀ_T=_/k7o|òI øIpngM
\
	IlT
jM	
gWX1_ﬀËg
\
ﬀ	_l
joﬀ	lgﬀol
Łﬀ£:Xlg/lTjM+Xﬀojn_+
l
	oz,
/X+gŁTSoKÂ 
lT

òIòMIyðvﬀQòMyòM  ßM

2

2
ú
2Bë
"ZEB2 )7"$ﬂ 
ﬂ ANﬂI6ﬀ-.EB*,5

ŁÐW	dﬀWﬀhIo
\
MÖ	¿TlTdcKbﬀ£DgzWXl |ﬀ	jMQTGdÖŁgws
\
Tl
uX
ﬀ£ºÖbﬀ	Ł WWﬀcK

XSLBtoXulnuF ilter skim
½ ÑÎÁBGkW	+g
B0 → pi−`+ν lgWﬀM
[
goD _c 	¿TlTËﬀz,jM7ßßMyòc~ X£g«I<	TWXl
WXnÖŁg_o1ﬀT
\
_|m
\M\
	Ioc/XT_h
Ò
	æõf××¾ícåþÔÕÔæÚÔ	ÖåÜ×ØhÕ	ã
~ptot ·zˆ
Etot
èØhÝåþhÔ^òþ×å×ÙØÖ×ÙØ|óÙÔæê¯ÕÜ×ØﬀóÔæå×)ã|Öæ×Ø|åêÜÅähÛMåÔ(å×ÜéÕ×ÙÚè¾åÔ^ÕÜïØhèÚíîê×ì
ähèÖF-ñïê×ÛhØhÝÕ	ãÇäÛMåfÔæêÔﬂÕò)ÔôÖÜW)ÖæèÚÅÚë¥ÝMÔ	ÕÜÅïÙØÔ	Ýßå×GêÔg*Ô	Öå¶Ø×ÙØ[qÕÜìÛÚéèåÔ	Ý¥Ö×ÙØ|åÜØ|ÛhÛì"ä)èÖF-ñïê×ÛØ)ÝÔ	óÔ	ØÙå¯Õæû
Ê.ﬀ
:;=<?>^òMÊB>×ÂIjcKc=X	hYﬀ£sﬀoo|ﬀlﬀMoW4¨To
l_

q˜2
_|TØo×jwﬀ£
GeV2/c4

lÂMÁDbp7)lmj_ jko
	bGoc
−1.0 < cos θBY < 1.0
cos θ` < 0.85
cos θ` > −0.938 + 0.0994 · q˜2 − 0.00384 · q˜4
cos θthrust < 0.460 + 0.0576 · q˜2 − 0.00215 · q˜4
Prob(χ2) Y > 0.01
bgﬀzgWs
e+gﬀwl
ﬀ
	oQ
0.41 < θlep < 2.46 rad
0.41 < θpi < 2.46 rad
mY < 3.07
ﬀ
mY > 3.13 GeV/c
2  µ±
lgWﬀM
Dh>IÅ
J/Ψ
ﬀTXÆ
2.7 > θmiss > (0.512− 0.0162 · q˜2 + 0.000687 · q˜4) rad
−1.0 < ∆E < 1.0 GeV
5.19 < mES < 5.29 GeV/c
2
ªdjcsz,
	nﬀ£

pmÁ¦	ﬀlGŁo{g
 ≥ ö
M2miss < (10.2− 1.12 · q˜2 + 0.0625 · q˜4) GeV2/c4
~ptot·zˆ
Etot
< 0.64

e−
lgﬀT#ﬀ_hM
~ptot·zˆ
Etot
> 0.35

e+
lgﬀT#ﬀ_hM
bTdlXoXt
cos θ`
l
oﬀ
Ł

T	
Ê.
I
Ê
Q
R
S
T
U6
V
W3
X
Y[
Z
\
]_
^
`
\
a
bce
d
V
f
c c
\
g
d
h
i
d
cje
k a
l
d k ma
ce
d
j
\
^
\
g
d ^
n
o
l
dk ^
n
a
n
md
j
a
\
a
c
Z p
i
n
^k
i
\
h
V
q
g
d
h
i
d
cj
k ^
b
\
a
i
n d
j r
l ^ p
\
g
d k
i
pZ
c
a
\
is
^
n
a
l
d m^
l l
d m
\
d
j
`
i
\
g
\
g
d md n
\
l a
c
m^n
t_
u Z l a
\
is
^n ^
r
\
g
d
`
d
is
u
g
\
k
j
dk ml
i
b
d
j
i
n
v
d m
\
V
U
V
w
V
W
V
q
g
d
t
l
k
\
x
m
Z
\
k
yz
Z{
\
^
\
g
d d
p{
\
h
c
i
n d
|
j
^
n
^
\
i
n
}
^
c
}
d
\
l
a m
~
k ^
l n
d
Z
\
l
a
c
k
~
i
c c
i
n
u a
n
j j
d
t
n
d
l
d
j
Z
md
j
n
\
Z{
c
dk
r
l
^
p
`
g
i
m
g
\
g
d
c
ak
\
m
Z
\
k a
l
d
a
{ {
c
i
d
j
V

^
l
\
g
d k
is
u
n
a
c
 Ygood
l
d
r
d
l
k
\
^ (pi + `) ma n
j
i
j
a
\
dk
r
^
l
`
g
i
m
g b
^
\
g
\
l
a m
~
k a
l
d
\
l Z
\
g
o
p
a
\
m
g
d
j
\
^
\
g
d
{
is
^
n
a
n
j
c
d
{
\
^
n
^
r
a B0 → pi−`+ν j d ma hV Ycombl d rd l k \ ^  m^ p b in a \ ^l ia c k isun a c ma n j ij a \dk ` i \ g d i \ gd l \l a m ~n ^ \ \l Z \ g o pa \ m gd j
\
^ a B0 → pi−`+ν j d ma hV





Ł


b → u`ν 



 BB¯  Ł


Ł  



P


  
Ł

Ł




 
Ł


  
Ł

Ł





Ygood Ycomb
























 


 

ﬃ

       ¡

¡ ¡ ¢   

  £ ¡ ¢

 


  

¡¤
ﬃ

¢ ¡ ¡ ¢   ¢   

 ¡ £¤ 

¤
ﬃ

 ¡ 

 £ £

 ¤ ¢ £ ¡  

£ ¡¤   

  

 ¢  ¡ ¡  



¡     £ ¢

£ ¤ ¤ ¡

£ ¢

£
cos θBY
¡ ¡

 


¢  
ﬃ

 ¡ £ £¤

¡  

¤

£ 

  ¡¤ ¤ 

    
 
¢ 

£  ¤ £   

£ ¤

 £ 

  

¤ £ ¢ 

£ ¢¤ ¡

¢

 

 
 
£

£ ¤ £  

¤ £

£    ¢   £

£
cos θ`
  ¢  £  



¡ 


   
 ﬃ

   ¡ £¤ ¢ 

   £   ¤ ¡

£   

¤
 
¤

    
 
    

   ¤
 
£   

  

  ¤ ¤
ﬃ

     ¢  

¤    ¢ £
 


£ ¡ ¡  

¤ ¤

£ ¢ £   ¢  

£
¥


¦
§
χ2
¨

   

 


 ¡  

 ¡ £ £ 

   £ 
 
¢

 ¤    


¢ 
 
£ 

¤ ¡ £




  
 
 ¤

   £

¢ ¡



   

¡ ¤  

¤   ¡  ¤
ﬃ

¤   ¡ £ ¢
 ﬃ

£  £  £   

£
θpi
 
 
£



¢ ¢ ¢

£   ¤  £

 ¢

¢ ¢ 

 £

£

£ ¡ £ ¤ ¡



   £
 ﬃ

¤    ¤

 ¡¤

    £  

£¤  

¤  ¡   ¤ £

    

    

¤ ¡ ¡ ¡ ¢

£ £ ¡

¤ £

£
θlep
 
 
 

¡

¢¤
ﬃ

    ¤
ﬃ

£ ¢
 
  ¢

  £ ¤ 

   

¡ 

£
 
¤  ¡ 

¤      £   ¤

£   £ £ 

  

¤  ¡  

¤

 

£    ¡ ¡ ¡  


¡ £  ¢  

£ £ £ ¢   £

£
J/Ψ 


 

  ¢
ﬃ



¢ ¡ ¢

¢   ¡   ¢

 ¢¤ £
ﬃ

¢

¢

¤
ﬃ

£      ¡



  £ ¡ 

    

 



¤ ¢ ¢  

 

¢  ¡ £¤

  

¢     
 
¢ 

   

¡ £
ﬃ

£   ¢¤

£ £ ¡

£
©


¦ 





 ¤ 

 

¡
 

ﬃ

£ £   ¢
ﬃ

¢ ¢ ¤ ¤ ¢

£

¤ ¢ 

  ¡    £

¤

 ¡  
 ﬃ

    £

    

 ¢ £¤ ¤



   £ ¤   

£ ¢   ¢ ¢ ¡
ﬃ

  £  ¡
 
¤

£  


 
¢
ﬃ

£
Ł
¦



 ¤  ¡ 


  
 

 £ £
 ﬃ

 ¢  ¡ £
ﬃ

£

¡

¡

  £ £
ﬃ



  £ 

¢

¤   £ ¡

¡  ¢

 ¢ 

£ 


  £

¤  
ﬃ

¤ ¢   £

¢ 

 £ £   £  

£  
 
  
ﬃ

£
Ł
¦



§
    
Ł 
¨
 ¤    

¢
 
¡ ¢

 £ £¤ 

 ¢  ¤ 

 

¡ £
ﬃ

¡  £ ¤
ﬃ

 
  £¤



   £ ¡ ¡¤ ¤ ¤

 ¢
 
 ¢


  £

¤  
ﬃ

¤ ¢   £

¢ 

 £ £   £  

£  
 
  
ﬃ

£
©


¦ 





§
    
Ł 
¨
 ¤ £   

¡
 
¡  

  £ £  ¡

¤ ¢    ¢ ¢



 
 ﬃ

  
£ £¤ ¡

¢

  £   ¢

    £ ¡ ¤ ¢ 

¢ ¢¤  
ﬃ

¡   £

¤  
ﬃ

¤ ¢   £

¢ 

 £ £   £  

£  
 
  
ﬃ

£
γ  Ł   


   £ £

 

¤



¡   ¢¤ ¤  


¢ ¡   £¤

¡

¤  £ ¢

 
 ¡

¢ ¡

£ ¤ ¢

¢ ¡¤

¢ ¢ £ £



¢

£ 

¤

 ¢
 
   ¡

  £ ¤
ﬃ

   

¤ ¢ ¡

£  ¤ ¡  £
ﬃ

£
cos θthrust
   ¤
ﬃ

  ¡ £

£

¤      
ﬃ

¢ ¤  

¢ 

¢  ¢ ¡ 


 ¡
 
¢

 
¢     £

¢    

¡ ¢

£   ¢

£ ¡

 ¡¤ ¡¤ ¡

 ¡   

  

 ¢ ¢   ¡

£  ¤  £

£
θmiss
¢   
ﬃ

     


    £ ¤

¢

£ ¡
ﬃ

£ ¡¤ ¡ ¢¤

¤ ¡ ¡  ¡ ¢¤

  ¡  ¡ ¢

¡


  £  
 
 

 ¢   ¢
ﬃ

¢  ¡ ¡

  

       ¤ 

     
 ﬃ

£
 
¤ ¡ ¡
ﬃ

£
M2miss
¤

£
ﬃ


  ¢   £

£ ¡  


¡¤

¡ ¡

¢ ¡  ¡ ¢

   ¤ ¢  
ﬃ

 

     ¢


¢ ¡  ¢  



  


    £ 



   £¤ ¡   



 ¢   

£ ¡ 

¢ ¡ 

£
(~ptot · zˆ)/Etot
¤


ﬃ


  ¡ 

¤ £ £ 


¡  ¢ ¡
ﬃ

  ¡ £¤  

¢  



 

 ¡ ¢  ¡ 


¢    

¢ ¡ 

 

       

£

¡ ¢ ¢  



 

  £

  

£ ¡
 
£ 

£
∆E
 ¢

¢

     £



¢ 


 £ 
ﬃ

 
  


¢  

¡ ¡
ﬃ

  ¡  ¤ ¢



  

¤

¡ ¡ ¢

¡ £

¡
 
¢

 

£
 
¢¤ ¤

  ¡ £ ¡
ﬃ

£ £ £ ¡ 

£
mES

¡
 ﬃ

  ¤
 ﬃ

 
¢ ¡ ¡

  ¡

¡

       ¡

  ¡ ¢ ¡ £

 ¡   

 


¢  ¡ £

 ¢ £
ﬃ

¤ ¢¤  £

¢ ¢ ¢ ¢

  ¤ £¤  

£ 
   ﬃ

£
¦
 

 
ª



¡ ¡ 

¡  ¢ 



¢ ¡ ¡

       ¡

        ¡

  ¡   

 


¡   

 


¢ £
ﬃ

¤ ¢ £
ﬃ

¤ ¢ ¢ ¢

  ¢ ¢ ¢

  
   ﬃ

£ 
   ﬃ

£
Ê.
BYθcos
-1 -0.5 0 0.5 1 1.50
5000
10000
15000
20000
25000
signal
ν ul→b
Bother B
continuum
lθcos
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 10
1000
2000
3000
4000
5000
6000
signal
ν ul→b
Bother B
continuum
thrustθcos
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
2000
4000
6000
8000
10000
12000
14000
16000
signal
ν ul→b
Bother B
continuum
) (TreeFitter)2χY Prob(
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
310
410
signal
ν ul→b
Bother B
continuum
)2 (GeV/cYm
0.5 1 1.5 2 2.5 3 3.5 4 4.5 50
500
1000
1500
2000
2500
3000
signal
ν ul→b
Bother B
continuum
 (rad)missLABθ
0 0.5 1 1.5 2 2.5 30
1000
2000
3000
4000
5000
6000
7000
8000
9000
signal
ν ul→b
Bother B
continuum
)4/c2 (GeVmiss2M
-2 0 2 4 6 8 10 12 140
1000
2000
3000
4000
5000
6000
signal
ν ul→b
Bother B
continuum
nb of GTVL
4 6 8 10 12 14 160
2000
4000
6000
8000
10000
12000
signal
ν ul→b
Bother B
continuum
tuYvH>:òM¢öa>¤þo_j	Xo{X£gMfc/ﬀ_XWﬀ_h onl
jIX£ºT	XoSgMfXgT	lTjMdgWfz:T


\\
o_
Spng&_|Wﬀgo|ﬀ	ﬀcK¤ﬀ	&l
ﬀoT~Lg¨X	Ûﬀ£g&zWﬀlG|	jTnpng
XlTjﬀSXﬀojTŁﬀ£7gl
jM^X	ÖŁ	TwowpXzofòMÊ
∆E
ﬀ
mES
\
oXnﬀ£#gf_|Wﬀ
X=zWXl |ﬀ	jMnﬀ	g.ÖŁ¤o=ko|TGòMﬀðX¤òMﬀß=?ÂITlTIòMII_Ê.
mY
o
\
_ﬀ
/£Nﬀ	
gncsjﬀKlgﬀT,ﬀ_hﬀkWj	+ﬀ£HgŁoo_j	X
Xﬀ	uﬀzMo
T
cos θthrust

cos θ`

θmiss
ﬀ
M2miss
HgWﬀ
q˜2

\
T
^l
jM^gM$ÖŁ@o>k7o|WòI øI,ªdfﬀ£ËgM
l
jMÖ
	s
\\
ooT
£Nﬀ	gM
cos θBY
\
oXm_l

q˜2
_^XTÐ
&ÖŁgT | cos θBY | > 1 :pngÐW	X&uﬀ
zMowﬀ£7ﬀlg
\
oXŁolTojjM
	æW.Ö ﬀw.T	 W.Ö TG	_

W	

\
TlTT_h
Ê.ﬀò
)4/c2 (GeV2raw q
0 5 10 15 20 25
 
cu
t v
al
ue
th
ru
st
θ
co
s
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
(a)
)4/c2 (GeV2raw q
0 5 10 15 20 25
 
cu
t v
al
ue
lθ
co
s
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
-0
(b)
)4/c2 (GeV2raw q
0 5 10 15 20 25
 
cu
t v
al
ue
 (r
ad
)
m
is
s
θ
0
0.1
0.2
0.3
0.4
0.5
(c)
)4/c2 (GeV2raw q
0 5 10 15 20 25
)4
/c2
 
cu
t v
al
ue
 (G
eV
m
is
s
2
M
0
2
4
6
8
10
12
14
16
18
20
22
(d)
tuYvH>,òMøv>¤«XojTnﬀ£Xool
ﬀohK
\
_c=X:lTjMŁﬀ£
cos θthrust
B
cos θ`
BzH¥
θmiss
Bl
X
M2miss
BH7_¤Ê.
q˜2
zoMËzWﬀ
vsgMc/_ocK

X_ﬀ£WgniGjWﬀh
S/
√
(S +B)
_¤go|ﬀS	T|oﬀ¨B
ÂI
lòMòI Iyß¥MpngT	olXZ4Ion	
\
	
TŁglTjMnXﬀoj_

ﬀlg
q˜2
zMoSpngd.T	uhﬀ
¤lTj	ﬀ^o+gdﬀlTjWﬀHl
jM«£Njl_vjT¤otgM^ﬀﬀ_h _«ﬀ
ÖbﬀŁzMﬀoM
{ÖŁ_g@t_c
\
o
χ2
ÐŁﬀ£K
l
ﬀ@	
	
\
hIMc/oﬀH£NjlTo®
Ê.Xö
:;=<?>IòMyò4>KÂIﬀc
\
onl
ﬀc
\
_sﬀ£:g
∆E

mES
Ð«	
|ﬀoSﬀl
		

\
ﬀoM|f −1.0 <
∆E < 1.0 GeV
ﬀ
5.19 < MES < 5.29 GeV/c
2 
ÏËTG j_
oM ÂMﬀc
\
o
h
\
 ToTlT	 csjﬀ £N	ﬀloﬀ
	ﬀ £Bﬀﬀ 	
ﬀ £BXﬀ
B0 → pi−`+ν øﬀðMyß Êy ﬀ Ê öÊÊ ðI~
B → ρ`ν ﬀßòﬀðM  M XÚòÚM Iy ßM~
XgT	
b→ u`ν òòøﬀIò M òﬀIÊyò òIyÚ ÊÊÊ~
B → D`ν òMÊÊ.IÚ I ø XÚMÊ$IyÚ ÚðM Ê.MÊ~
B → D∗`ν Ê.MÊ.òﬀM ø IÚ ßIÊ$øIyò øIÊyð òòMyòc~
ﬀg
	
b→ c`ν ð4ö_Ê M  ÚøIÊyð ßMÊ I~
B → hadrons ﬀðXö¢ö Xöyð Ê$XöGøI¢ö ÊÊ$XÚMÚ ßM~
lToGjjMc òMÊ.ßòMø Ê.ðMÊﬀð Ê.òßXö ø öﬀöòﬀö ÊÚM~
-*H-(WA

ﬁ
Ô 9
ﬀðßðø _Ê IÊÊﬀ ﬀÚøﬀòMÊ øXðﬀöÊ Ê.ﬀM~
I<	TdX ﬀß4öGIy ﬀðﬀòI 
ﬀÄH	
nW4 òﬀöÚﬀö øﬀðòﬀöMß 
:;=<?>IòM¢öU>KÂIﬀc
\
olTc
\
__sﬀ£:g
∆E

mES
_|WﬀM	
|ﬀoSﬀpngo|ﬀ	T|oﬀK_oT
_ −0.16 < ∆E < 0.20 GeV ﬀ mES > 5.2675 GeV/c2 ,ﬀQl
ﬀ		T \ dvgß
∆E

mES
z_Łﬀ	jwgo|WX
\

ﬀ¤_oojM	XT¤oQk_|
òM_ÊòtﬀòM_Ê
ö
ÏËT j_
oM ÂMﬀc
\
o
h
\
 
_
lT	M csjﬀ £N	ﬀlTo
	ﬀ £BﬀX 	
ﬀ £BXﬀ
B0 → pi−`+ν ÚøﬀM¢ö Iò øXòòM¢ö ßMyß òMÊﬀ ~
B → ρ`ν ﬀÚﬀßM  My øﬀòMy Iyò Ê.òM~
ﬀgM
	
b→ u`ν XòMð My Ê.ßﬀöÊ òMy ÊÊyc~
B → D`ν ÊöM_Ê My ÊÊ$øIyß Iø ÚMð~
B → D∗`ν òﬀðI_Ê M ﬀßÚM ÊÊ ÊÚMyöc~
XgT	
b→ c`ν òIÊyö My Iyð Mø Êyöc~
B → hadrons Ê.ﬀòMÊ ÊÊ ﬀßMyð øﬀßIò ÚMyßc~
lT_ jMjc Ê.ðòMÊ ÚI_Ê ﬀøIò  Ê.ÚMyß Ê$ Úc~
-.*W-.(WA

ﬁ
Ô 9
Ê.ßﬀößI    ø Ê$øﬀﬀMyò XßøIø Ê.Ic~
 	TnWX Êßßﬀöy Ê.ðòòI 
ﬀÄ,<	TdX ÊÚMyÚ òòÚMø 
Ê.ø
öIÚ~ ﬀ£dgM{o|ﬀWﬀbTG
«png
XSLBtoXulnuF ilter \
	

oTlTotjM
OoLgo
XWﬀ_h o ¿Ë ﬀ	
l
	_z:T_wTﬀoS_Qñd£¿ ½ ÑÎÁ HﬀQﬀ	ooTQz,
_.Ö 
>

_ﬀn£Nj	nlgWX	|TQ	ﬀlGdo{g
(m
>~Ï+ﬀ
x¢m	X_KX£7g
lT@Kg


	ﬀg@kHG<Õ¦£N	ﬀcÜc/cK
U½À¿Ç¿ÍÁZc/ﬀ_o
	
gWﬀQMøﬀm
>

_ﬀvo
\
ﬀ¦X¦ﬀ
\
o¨lgWX	|TÈ	ﬀlGÖŁ_g¨
\M\
_tlgWﬀ	|ﬀ
ﬀ
Xo£ºh _|sglT	_
	usﬀ£ËÂI
l,òMyòMI ﬀm
>~e1_wc/ﬀc/TGjc _{goﬀz:ﬀ	X	hK£N	ﬀcKc/ﬀ_o
	«gWX¦Ê.
GeV/c
m
>
p∗lep + p
∗
pi > 2.8 GeV/c
	
p∗lep > 2.2 GeV/c
	
p∗pi > 1.3 GeV/c
,o@g
Υ (4S)
£N	ﬀcK¥m
> −1.1 < cos θBY < 1.3 B
ÂI
lHòMyòMIò:m
>
cos θthrust < 0.9
N
ÂITlTHòIòMI¢öG
pngdGjcsz,
	«ﬀ£:lgWﬀ	|ﬀ
/	ﬀlG«otgM

IX«Ö
_Hﬀ+g
cos θBY
X
cos θthrust
\
	

_
lTo¨lTjMfﬀ	/
\\
o_
¨ﬀ|ﬀo&_¨wcK	t	
	olT_ﬀsÖhÈX£º
	mgMvÐWﬀË


_
lTowTlT	oz,
Qo{g	
c/ﬀ_o|ﬀ£+Â 
lT
,òMòI I

2

2
ú
2
ú
ZENF,5#(WAbABﬂG)D-.*,5¡(W5#%')EN*,5'
ﬂ ABﬂ 6ﬀ-$EN*,5
png
\\
ool
X_Lﬀ£d_|gKe+þ¿] l
jIv¨oT_£ºh¦gQ_|Wﬀbo
\
çotﬀwﬀ£^g
cKÇKl
oTzWXl |ﬀ	jM9	
loﬀ¦lTjMfﬀ£bg=XWﬀ_h oKBcKoMocsjc Á

 c/ﬀc/TG
X	d	
iGj_	T=.ﬀoKT	h/go|gv£BﬀX^	4
 p«h
\
_lﬀ
BB¯
zﬀlG|	jM¤Tﬀ
bl
Xo
ﬀ>T	ﬀ|sðK	ﬀlGmﬀcK|KÖŁgolg>ðc~óﬀ	X^_
\

:
.ÖTﬀ
	
:g
oTlT	@ﬀ
cjwþ¿] zhwT_£#	
lßßM¢ö<~ÜﬀMß~Üﬀ£#gﬀI_
\
¤	ﬀlG
H	T
\

lT_ﬀ
_hﬀ
Õ¦«ﬀodTjM	+gW47z,ﬀgg1_|Wﬀ
\
ofﬀM_
\
m	ﬀlGﬀ	ËÖbTo	
l
ﬀ	jl

zhw	
iGjo	o|vgM¬®­®¬®­¯ŁxydﬀWX	

 Iwp#	ﬀlGmÁZ =

pŁÁ#
_
loﬀLN


\M\

òI_Ê.$Õ9MSx Ël
jI+sgM
pi±
cKcK
jc z,
l
ﬀjnx¢7ﬀ
	h	|ﬀ_hfl
		TuX
ÖŁg
q2
HﬀŁg.ÖŁ_k7o|MòMÚI
pngfﬀ_o
QToTlT_wl
	_T	ot£Nﬀ	Łg
_
lT	®,cjﬀ
\
oQﬀ l
oXTQÖŁg
g_|WﬀZYTlh{£N_o.Ö 
Òù
õ©þhÔ
XSLBtoXulnuF ilter
Õ-|ÜìxÜéÕ^èkÖæ×ìì×ØUå×ñ×ÙÚXÛhÕÔ	ÝUäñë4×åþÔ	êGêÔ	ÕÔ	è¾ê¯Ö¯þïÙê×ÙÛòhÕ"f(ÜÅåþÜØåþÔ
ﬀﬁﬀﬃﬂ:×ÙÚÅÚéè¾ä×ê¯èåÜÅ×ÙØ<û
Ê.ﬀÚ
0
50
100
150
200
250
300
350
400
450
 in laboratory frame (GeV/c)
pi
p
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
)4
/c2
 
(G
eV
2
tr
ue
 q
0
5
10
15
20
25
 signalν+l-pi→0 for B2Lab pion momentum vs true q
tuYvH>DòIÚ >@e+_>cKc/Tjc o@gtÁDﬀz,	4	hQ£N	ﬀcK m	j
q2
:£N	
B0 → pi−`+ν
o|ﬀ?MX£ºT	ŁﬀoS
_
lToM

>Y
oTlT	
>~e+oÁ^
Ï+o
l	ŁTo
l_©m
>

pŁÁ9ToTlT_©m
>

lTl

\
ﬀlTﬀ£ËÂ ^pH]`
ùX@Ï«>` 
0.41 < θ < 2.46 rad
m
>
pLAB > 0.5 GeV/c
m
>~¬®­®¬®­¯dxy1ﬀWX	/`bc
\
b	Tc¤Â 
oTlT	
tŁ¶»
_
\\±B¶²hg ¾
`
³Xe
	
lT$ﬀ
	hKﬀo|ﬀ	_gc
_v
\\
_o
Ûﬀ
\
gﬀﬀ
\
ﬀo|&g

  We+gﬀﬀWÁZI¤l
	_
	_×B


\M\

òMÊ.ﬂm
>Ycsj
>Ycsjª^ªpn_|gd
_
loﬀ©m
>

pŁÁ9ToTlT_©m
>

lTl

\
ﬀlTﬀ£ËÂ ^pH]`
ùX@Ï«>` 
0.41 < θ < 2.46 rad
m
>
pLAB > 1.0 GeV/c
m
>
\
oM
>
\
oÁG
^ÁZIﬀToTlT_B_c
\
ooTgWX
pLAB > 0.1 GeV/c
:m
>

pŁÁ9ToTlT_©m
>

lTl

\
ﬀlTﬀ£ËÂ ^pH]`
ùX@Ï«>` 
0.41 < θ < 2.46 rad

Ê.

2

2
ú
2
  EB5#ﬂ 29(M-.E[6{6*,5#E[-.ﬂ 576O*H;d-.8#ﬂ@EBF,5D(WA
ÁZ oM|=ﬀog
jM	_K£Nﬀ	gfc/ﬀc/TG
MgMfG_
c/X_ll
c
\
Xoz_ohvﬀ£g
_
\
Èﬀ
\
o
\
	
\

	oTÖŁgÈw	X
B0 → pi−`+ν TlhÈol
ﬀ	ﬀ_
Èzh&Öb
lT	
	u¤
>'Õ9¦
j	ÈgWXQgM
\
_ ﬀM gM9o
\
ﬀ ﬀ	¦lTc
\
X_zo&ÖŁ_g ﬀ	o|ﬀoWXo|
£N	c g¨ﬀcK&T	¥ zGh~	
iGj_	oM|çgWXç|
cKT	_lﬀ^ÐM
\

	£N	cK
YÖŁg
p7	
k7_
	¾½À¿Ç¿ÎÁ®|ﬀ_Td
χ2 \
	zﬀzo__hK|	X
	ngWXIMÊTm
>'Õ9¨	TiGjo	¨gWXwgMÈ_
\
 ﬀ
\
o~z,¨ _
c/XolXo_hOlTc
\
X_zo@ÖŁg×
B0 → pi−`+ν TlhwzhwT_| −1.0 < cos θBY < 1.0 ÖŁgT	v
cos θBY =
2f 2 · E∗Y ·E∗beam −m2B − f 2 ·m2Y
2f · | ~p∗B| · | ~p∗Y |
.
BòM_Ê.
þ/Ï+i,òM_Êﬀ
θBY
ogdﬀ|_z,TÖ

Kg
B
ﬀMaj×Mo	TlTootgM
Υ (4S)
£N	ﬀc/X
Y
	
\
	T
vÐWlT_ﬀ
\
ﬀ	olTotÖŁg=£Nj	¿cKcK
jc _fg/ﬀ
l	uﬀ«jcﬀ£ng
\
oﬀo
\
Q£Nj	<c/ﬀc/TGQBT

\\
:òM_ÊbÖŁ_g
mY
ﬀ^ŁoXﬀ	uﬀdc=Xﬀ
E∗Y
Ł
T	|ﬀhw_{g
Υ (4S)
£N	ﬀc/¿Ì(m
E∗beam
ogfz:
ﬀc 
T	|ﬀhw_{gfﬀcK£N	ﬀcKﬀ
lT		

\
Mo|>gWX_£g¤l
T
	ﬀ£Łc=XT
	|ﬀh4m
p∗B =
√
f 2 · E∗2beam −m2B
ÖŁgT	
f
ogM/ﬀÄH	
WﬀlT=lT
T	ﬀ£bc=Xf
T	|ﬀhÈl
ﬀ		TlTo¨£BﬀlT	fTÐWM
Ûﬀ
f ≡ 1.0
£Nﬀ	
E∗beam ≥ mB
X
f ≡ 5.2895/E∗beam
£N	
E∗beam < mB
[øI Xðßø
GeV
_gMcKﬀ
lT
T	X£c/ﬀnT
	|ﬀhwﬀ£#g 	Tﬀl
	jfÊTöt	ﬀZW4
¿Í


2

2
ú
2
? Ô
*,5:-.E[5S!#!#2 "$ﬂd¼
ﬂ 6ﬀ-$EN*,5
`boGjjc zWﬀlG|	j9l
Xc/_WX_¨o	4gT	oﬀ	|vz,T£N	=
\\
	
\
	oXvl
jI
X	m
\\
o_
/z:Tlﬀjmgo 
jI	_	
lT	jl_{	Ti jMo	Thvg
\
	T
Ml
ﬀ£
ﬀ
\
_ÛﬀML¤_
\
S#png
wﬀ	
\
oT_£NjM«_9gM¤l
oGjjc Tﬀ
T«ÂIoMl
=g
~lXoXfoŁﬀd	
l
ﬀ	jl
®:Ö	
_h¤gTG
xy
\
oﬀ|ﬀh/=j
\\
	
dg_
zﬀlG|	jM¦
BB¯

Ł
¤tz:^c/	^
\
g
	ol
ﬀ:ÖŁg_ol
_GjjcÜTTnT¤
Ò
,æá^ÚÅÚ¶óè¾êÜèäÚÅÔôÕ(ÝMÔæØh×¾åÔôÝf(Ü åþ%èØèÕåÔæêÜéÕ
-¾CfÔû ïhû
p∗
E(èêÔ¥ïÙÜÅóÙÔæØUÜÅØUåþhÔ
Υ (4S)
êÔ	Õå(íîê¯è¾ìÔ¬«è¾ÚÚ<×åþÔ	êÕ
è¾êÔßïÙÜÅóÙÔæØ4ÜÅØUåþhÔTÚèä)×Ùêè¾å×êëﬀíîêèìÔû
Ò
cæõ©þhÔ
f
ífèÙÖÇå×ÙêT×ØÚëSèﬃÔôÖÇå¯ÕßåþÔ×dO êÔ	Õ×ØhèØhÖÔÝèå¯èãﬀf(þÜéÖ¯þaè¾êÔﬀåþÔ	ìÕÔæÚóÔôÕ¥×ØÚëvÛ)ÕÔôÝvå×%×äMå¯è¾ÜØ
Ö×êêÔ	ÖÇåÜÅ×ÙØhÕﬂå×åþhÔÖ×Ø|åÜÅØñÛÛì à± C ÕÔ	Ô\8ñÔ	Öå	ûLzhû ^û |û9;dEÇû
Ê.ﬀð
z,c/ﬀ	T_oﬀ^oQ
\\
ﬀ	ﬀlT.WþﬀM__S ÖbfgWT _
lTfgWXd _csjoXT
÷Ï1] lT_ jMjc Tﬀ
T
\
ozM_hsÖX
\
gﬀﬀK£Njov	1	ﬀu4_ﬀŁbgWﬀzMgWfTG
 
j	 fj	nﬀWX	Ql
_GjjcólTjMdo¤g
oTlT	QlgWﬀM
B
ÂI
l,òMøII ﬀ
Õ¦f
\\
h=gM£Nﬀoo.ÖŁ_|sl
jIŁv	Tjl
gMflT_ jMjcózWﬀlG|	jÈ
>~ªjcsz,
	nX£

pÁ¦	ﬀlGB


\\
HòM_Êbo{gMfTG ≥ ökm
>~bgWﬀzgQTﬀ
o
\
TLo¦ñd£¿¥½À¿Ç¿ÏÁNDpngo@	
iGj_	
fgKTﬀ
sgWﬀ¤
csj_
\
_olT_hv|	X
	gﬀ>øszG
lT
H?¢ﬀ
N ′Trk +N
′
γ/2 > 5
IÖŁg
	/
>
N ′Trk
odg jMcsz:T	mﬀ£1|  	ﬀlGo fﬀ^z:ToM|o|K¤z,s_
ÐW
>ﬀ
γ → e+e− \ ﬀ_	©m
>
N ′γ
o7gbjc ﬀ£,Ï+c/l
bjc
\
7ÖŁg
Eγ > 80
<~ﬀoTG_ÐWTtﬀ
γ → e+e−
\
Xo	m
>
θmiss > (0.512−0.0162·q˜2+0.000687·q˜4) rad BTbk7o|
òM øﬀSﬀ θmiss < 2.7 rad 
ÖŁg
	
θmiss
og
\
oﬀ	X|omﬀIlTuX
{ÖŁ_g
Pmiss
o¤guﬀz,	4	hK£N	ﬀcK
BT

\\
HòI_Ê.I ﬂm
>
cos θthrust < 0.460 + 0.0576 · q˜2 − 0.00215 · q˜4 BTsk_|HòMøHÖŁgT	 cos θthrust
ogMflT_ﬀ£#gﬀ|_z:ÖbT
Qg
Y
x¢ng	j4IodﬀMQg	
dﬀ£Ë

xy
g	j4Io¾¿Î

pngŁ¥ «Öfl
jM«MfMﬀ1oc
\
	.ﬀbgŁXool
ﬀIo|M_ÐWl
ﬀl
nX£:gn_|Wﬀ[ﬀpngh
X	
\\
ooT{v
\

lT_ÐWl
ﬀoh¤	TjlTgI<_csju4
Q÷Ï1] TT
>~e1gMﬀ l
ﬀGﬀ
	oﬀ4png_#ﬀT^	¿TlTTﬀ
7ÖŁ_gX7o
ﬀ#«	ﬀl_csj
ﬀTj_h/oTG_ÐWTwﬀn.Qol
	pno|ﬀgGNÖŁg
PID− tweaking £N	«gf>`nX
|ﬀcKc=`bﬀGﬀ
	oﬀW]^T£BXj_
¿Ï
IÏËMﬀcKoX_/X£Z	ﬀMuX_dbgﬀzgWﬀﬀ¤_csjM
>` Xc
\
_
ŁjM||
ŁgW4dgoŁlTjM^	¿TlT ∼ ø~Üﬀ£7gTs÷Ï1] zWﬀlG|	j
Ò
k
õ©þhÔTåþêÛhÕåè÷MÜéÕ
~A
×ÙäMåèÜÅØÔôÝUíîê×Ùì
N
òhèêåÜÖæÚÅÔôÕ©ÜÕÝMÔ )ØÔ	ÝèÙÕ©åþÔóÔ	Öå×Ùêf(Ü åþÛØÜÅåÚÔæØïåþè¾Ú×Øhï
f(þÜÖ¯þ4åþhÔTìè¾÷MÜÅìÛì èÚÅÜïØìÔ	ØÙå(ÜéÕíî×ÛØ)ÝUèÙÖæÖæ×ê¯ÝMÜÅØhïå×åþÔ¥íî×ÚÚ×+f(ÜÅØïﬀíî×ÙêìÛÚè»
thrust = max
∣∣∣∣∣
∑N
i=1 | ~A · ~pi|∑N
i=1
√
~pi · ~pi
∣∣∣∣∣ , Cµzû_|dE
f(þÔæêÔ
~pi
ÜéÕ©åþÔßåþêÔ	ÔTì×ìÔæØ|åÛhìx×¾í¶åþÔ
ith
òhèêåÜÖæÚÅÔÙû
Ò
jy8MÔæÔ#:×ìò×ÙÕÜ åÜÅ×ÙØO8ñÔôðÙÛhÔæØhÖæÔ	Õ8d:×ìò­¥èììè@:×ØñóÔ	êÕÜ×ØO8ñÔôð|ÛÔæØhÖæÔû åÖæÚ×¾í¶åþÔèØhè¾ÚëMÕÜéÕgg|ﬃêÔ	ÚÅÔôèÕÔû
Ê.ﬀß
ﬀÛh ∼ Êyßc~ ﬀ£Łg{o|ﬀb4£º
	g¤Goc 
_
lTo®î¿ÑvkW	
lg_lﬀ	
4
T+ÖbXxy	@jo|¨.Qol
	pno|ﬀgG/ﬀMUX=e+_WÁG
^Ï+oTlT	v¨z,@ﬀzMo¤¨Xﬀ
ﬀMXﬀﬀ|ﬀﬀ£7g
PID − tweaking \ 	 l

Mj	¥m
>
(~ptot · zˆ)/Etot < 0.64 £N	 B¯0 → pi+e−ν¯e X (~ptot · zˆ)/Etot > 0.35 £N	 B0 →
pi−e+ν
ÖŁgT	
~ptot
ﬀ
Etot
ﬀ	=	T
\

l_ﬀ
h¦g

XL
M
	|Xh9lTc
\
Tsﬀ£
Ptot
,pngtk_|,òMKo_oj	XTdgT
>£N	dg_lTjM,ÖŁgolg@	¿TlTﬀz:ﬀjM  ~
ﬀ£7g_|WﬀSl
ﬀ_WX


pzTotLab/eTotLab
0.3 0.4 0.5 0.6 0.7 0.8 0.90
5
10
15
20
25
30
35
40
Continuum yields in the e- channel
cc
uds
-τ+τ
off-resonance
pzTotLab/eTotLab
0.3 0.4 0.5 0.6 0.7 0.8 0.90
5
10
15
20
25
30
35
40
45
Continuum yields in the e+ channel
cc
uds
-τ+τ
off-resonance
tuYvH>GòI >s`bc
\
ﬀ	osﬀ£,ﬀÄH	
ﬀWﬀlTnWXdÖŁ_gtlT_ jMjcû>`L£N	
(~ptot · zˆ)/(Etot)
_Kg^ToTlT	¤X
\
_	vlgWﬀM
_X£º
	«
\\
h o|ﬀo,@`¡ocjuXotlT		
loﬀ
X>ﬀ_DﬀWﬀh oŁlTjMIl

\
^£N	df
(~ptot · zˆ)/Etot [ÂI
l:òMyòM  yöG¥Wpng
	_lToX	
 oTl
sX£+jocsjoXTTGXmgMo|g
(~ptot · zˆ)/Etot owgM e− lgWX
B_T£º¥Łﬀ®
>wc/ﬀo_
	lﬀ_ﬀ#Xfo.Ö
(~ptot · zˆ)/Etot o¦g e+ lgWﬀM
^B	o|g¥¥Zpng
¤jocsj 
oXT&Tﬀ

\
	zﬀz_hl
ﬀc/s£N	cõXh
\
_lﬀ7ÖbX
\
gﬀ&£Nj_&		ﬀu4_ﬀtbgWXzgW
\
	 l

T
,þwgcsjQlgWﬀM
[gWXvﬀ>` _	ozMjM_nﬀ	mgﬀc/X
Ò
pæá^ÚÕ×ÕÔæÔnm(Ôíûø ÒÒ
púcíî×ÙêGì×êÔßÝMÔæåèÜÅÚéÕæû
Êò

2

2
ú
2_ü b→ c`ν "4ﬂd¼
ﬂ 6ﬀ-$EN*,5
ÏËTQgj|ﬀgwg
b→ c`ν M
lh ﬀ	jM	c/ﬀŁﬀzMjWﬀŁj	lTﬀ£#zWﬀlG|	ﬀjS
gThmMﬀ
\
	TTGŁc=$ﬀ	SlgWﬀ_o
M|ËngMXWﬀ_h oZz,
lXj1g1gW
\
«X£Ig
_	
∆E

mES
go|ﬀ	ﬀcàobi jM_^_Ä:
	
£N	ﬀc gWXnﬀ£Dgm_|Wﬀ®ﬀ¤g
_	nﬀzjMWﬀlToX
{/Ö
_MTÐWT>l
ﬀ		T
\
_|we1]mkb

_HgTo	ocjuXow_^o@|I >X|	T
cK

ÖŁgvgdWXX/gcKbXzjWXG_|_dzﬀlG|	jM¤ﬀj	lTﬀ
B → D∗`ν G_1Ö
_
cKXj	
S
Tl
X+gwh 
c/XolwjlT
	ﬀoo
Kﬀ l
oXTOÖŁgçgTo	ve1]mk gW
\

X	f	Xg
	dc/ THkWj	gT	cK	XWgfX__lﬀZjMl
T	XohQﬀ£gcKXj	
cK
^_
o|M_ÐWl
ﬀ_h/	TjlT
@zhwlTjMo|tgMfoﬀ	|ﬀ
	
\
X	Łﬀ£#gTfzWﬀlG|	jT
Õ¦jg£N_o.ÖŁoM|l
jIf
>~b
l
ﬀjtX£«gt	TuX_ﬀ
_hwgMo|g>£BﬀXt	Xsﬀ£1lgWX	|T
\
o^zGh@csjM

J/Ψ →
µ+µ−

l
hIlﬀÈﬀ£º
9z,vc/_ﬀﬀT¦£N	
B0 → pi−µ+ν 
l
hIT7Õ¦tgT	T£Nﬀ	

\\
hs
J/Ψ
ﬀT
B0 → pi−µ+ν l
ﬀ_WX
d[Xtlﬀ¢lﬀÖŁg
tg Y oXﬀ	oﬀ
c=ﬀ^_^l
ﬀc
\
4ozMoÖŁ_ggWX^ﬀ£«
J/Ψ

3.07 < mY < 3.13 GeV/c
2 (=m>g
ﬀgT	gWXS7goT&oﬀt
\\
o_
9
B0 → pi−e+ν M
lh t_l
/g=£BXﬀ
	Xﬀ£lgﬀ	|T
\
_nzh{To
l	Łon¥I	Tc/T_h{_$Ö²m
>
cos θ` < 0.85
X
cos θ` > −0.938+0.0994·q˜2−0.00384·q˜4 B
bko|òM øﬀÖŁgT	
θ`
oSgM«gM
o_l
hmﬀM|oËX£Ig+Õ z,ﬀ
½ Â

Á
	Tl
M	jlT
omgMTj¿T	ﬀ|ﬀ1£N	ﬀcK

\\
	.I_c=Xo]Â

Wþ<oŁﬀIﬀXGﬀ|TjŁvj
cos θ`
ﬀdvl
jMz,
lXjgf_|Wﬀ
o	_zjMoKoG.ÖŁ{z:
\
	
\
	oﬀW
sin2 θ`
£N	c Ð	
\
	_l

\
oT½ ËÌÁNIþ<
oXg
	T£N	s{¤cKo_c=X®gT	_lﬀ7jl
T	ﬀoh>ﬀ@gto|ﬀ7ÇKl
oTlThﬀ
png
b → c`ν zWﬀlG|	j9TT \ ﬀ¨4 cos θ` ∼ −1 DzjMfgMTh¦ﬀ	t£Bﬀ	foT
\
	ﬀXo
X
cos θ` ∼ +1 ÖŁg
	lT_ jMjcûTﬀ
 \ 	
Mc/_WXfBT^k7o|ﬀòMyö

2

2
ú
2
V ã
ﬂ !D-"XEB5D*9"$ﬂ 6*:5#T-."4!#6ﬀ-$EN*:5
png	
wTjM	o¨	Tl
M	jlToÛXﬀ	uﬀz_
gWQz:T
Û£NjÛÈz,wﬀMXﬀﬀ|
ﬀj
Ûl
jM¤'Û_c
\
	.@g
S/
√
S +B
	X_1þ~ﬀlg~lXﬀg>o|ﬀ^TjM	o9o
Toc/XT>ÖŁ_g
Pmiss
:gvTﬀ
TxDc/__|{cKc/Tjc £Nj	¿<TlT	TÐWM
Èo

\M\

o68MÔæÔ8ñÔôÖ¾ûLzhû zhû zhû
ÊòMÊ
òI_Ê.I I
>
M2miss < (10.2− 1.12 · q˜2 + 0.0625 · q˜4) GeV2/c4
BTko|MIòI ø¥ ÖŁgM
	
M2miss
_
giGjWX	
oXﬀ	oﬀnc/ﬀnﬀ£
Pmiss
Âô¿:m
> −1.0 < ∆E < 1.0 GeV ÖŁgT	 ∆E = 2s·PB−E∗2beam
2E∗
beam

PB = Ppi + P` + Pmiss
g
£Nj	?TlTﬀ	
s
X
Pmiss
ﬀ	KTÐ
Û_

\\
7òM_ÊM Qﬀ
E∗beam
ofÐW
Û_
ÂI
lHòMyòMIòm
>
5.19 < mES < 5.29 GeV/c
2 MÖŁgT	 mES = m
′
ES − (E∗beam − 5.29)
ﬀ
m′ES =√
(1
2
E2CM + s · PB)2/E2CM − PB · PB
ZÕ~_gjMg
(E∗beam − 5.29)
ﬀÄ:T
Zg
c=4I_csjc XﬀojM^ﬀ£
m′ES
o
E∗beam
GÖŁg_o
E∗beam
_ﬀbl
MXGdX{lﬀ{_T

ﬀX	h{o|ÐWlXG_h¤£Nﬀ	dXÄ,<	
WﬀMl
fWXIWpngÄ®TlT^ﬀ£gﬀÄ®TonK^g
c=4I_csjc ﬀXojvﬀ£
mES
QMﬀl_h¨øI Xß
GeV/c2
Z_
\
T
_h¨ﬀ£«gvXﬀojM
ﬀ£
E∗beam

pngl
jM#XﬀojM
#ﬀ£
M2miss
g.ﬀbz,
Tslg
^cKo_c/

7g«4o_lﬀjMl

	ﬀ_h
Toc/X	
S/
√
S +B
pngl
jInﬀXojTﬀ£
∆E
ﬀ
mES
T	cKo^gz,jWX	oTﬀ£
ﬀj	/Ð¤	
|ﬀoS1Õ¦>lg>g>z,jMWﬀ	_
KgWX
\
	. oQg&z,
{zWﬀoﬀlT@z,TÖ


g{X_olX
\
	
lTo_ÛﬀMLg{hITc=Xol¤jMl
T	Xo_
s	
u4
L>g{gW
\
¤ﬀ£
g
∆E

mES
o	ozjMo®Zﬀl
lT	Mo|Q>Qp=kj >` jMh¨£N	ÖŁgolg9Ö=	
\
X

gﬀWX_h _
\
	 l
Tj	Tﬀ
	ﬀS_c/TB
fÂITlTòM  _Ê$¥MpngiGjWﬀ__

∆E
ﬀM
mES
Ö
	sÐW	mÐWTÈ_>ñŁT£¿
½À¿Ç¿Ç¿qÁ
:pngMTh&X	¥
\
	TT¦_
	cK^X£+ﬀX	uXzoTÐWTÈ_
gtuXz:	Xﬀ	h{£N	Xc/X,g jMﬀo_|¤_Wﬀl
lTj	Xl
oTm	Tj_|=£N	ﬀcõ`n £N	Xc/z: 
jM
	ﬀX
QÖŁ_g
\
ﬀTuXo_hKÖŁ	ﬀ|vc=ﬀŁgGh
\
ﬀgM
T


2

2
ú
2QÅ
Ô
8D*,E[6ﬂ*H;d-$8Dﬂ@3+ﬂ T-=6(W5#%7EB%D(M-.ﬂ

£º
	^ﬀoZgtﬀWX_h _lTjMmg.ﬀsz,

¨
\\
o_
SWg
	tﬀ	&T	ﬀ|ﬀ¤Êyð/l
ﬀÎ
XTÉX
Ë£Nﬀ	
B0 → pi−`+ν 

MÊﬀ_ÊÊlﬀMoW4
ÉXTﬀ
Ë£Nﬀ	#zﬀlG|	jM b→ u`ν
TG
®ﬀÈÊXö/l
ﬀ_WXTÉXTG^£N	nﬀgM
	
BB¯
	ŁlToGjjMc zWﬀlG|	ﬀj>


Õ~gM
LTT	ﬀlﬀMoW4
f	Tc=XoÈoLX9Tﬀ
#Öb/To
lg=l
ﬀ_WXvÖŁ_g
cos θ`
ÇÒ
e
×¾åÔåþhèåT×ÙÛê
M2miss
ÖÛMåÜéÕßìÛhÖ¯þÚ×|×|ÕÔ	ê^åþhè¾ØÜØSòêÔæóñÜ×ÛhÕØÔ	ÛMåêÜÅØh×4êÔ	Öæ×ØhÕåêÛhÖÇåÜÅ×ÙØvìÔ	èÙÕÛhêÔ'
ìﬀÔ	Ø|åÕø ,ÇÒhÒYo
k
h Ògo.jú ûﬁh×ê(Ôæ÷MèìòÚÅÔÙãMåþhÔ¥ÖæÛMå
∣∣∣M2missEmiss
∣∣∣ < 0.4 GeV ÜéÕ(è¾òhòÚÅÜÔ	ÝUÜØ1m(Ôíûø ÒYoFjúû
Êò
lTo


T	Qﬀ&	¿TlTgMtﬀgT	TSpngsXﬀ	oﬀz_
cos θ`
BÐW
Èo&ÂI
lDòMyòMI øﬀ
gﬀz,
TØlgﬀ
Øz:Tlﬀj9wowjlT		
u4
×ÖŁ_g
mES

∆E
ﬀM
q˜2
Ł_w_l
	ocK
XTm_|Wﬀ#ﬀ|XomzWﬀlG|	j®Sﬀ@_dXﬀojTmﬀ	Ä®T	TG^£N	
ﬀlg
(pi + `)
l
ﬀI
MoWX
tﬀ£ﬀç

bÂ 
oTlTo|¨h9ﬀwlﬀMoWX
\

	vTﬀ
Koc
\
	.Tsg
\
jM	_h
X£gMÈÖ
_	
lT	jlTØ_|Wﬀ[bþ<	
lT@òﬀc~ l
ﬀcszoX	uﬀ_|Wﬀl
ﬀ_WXT
ÖŁgMooQl
ﬀT	 o|çß~ ﬀ£g	Tc=ﬀ_oM|ÈÖ
_	
lT	jlTY
Tbpng£N	ﬀloﬀ¡ﬀ£
Ö
_<	
lT	jMlTT&_|WﬀDlXoXT^oMl
	
ﬀT^£N	ﬀc ðI ~ó¤ðßI_Ê~ X£º
	dgz:T
l
ﬀ_WX^ToTlT_SGþ<nXo	Tjl
TbgMmT_ hvﬀ£Zj	bﬀWﬀh o1gocjuXo
X£7glﬀMoWX
Łcsj
\
o_l
_hﬀ

2

2
ú
2_ï
í
"$*Z6ﬂ %#!#"$ﬂ>;<*H"=6!D-$t*H)D-$E[29E¯®(M-.EB*,5
ﬀ+lTjMËÖ
	nlgTKﬀt
\
ocK


fj_|¬®­S¬:­¯dx¢«ÂMeøﬀKÂMe¿Úm>`Locju4
o®

£NÖOl
jMËÖbT	nTo|ﬀ
t	¿TlT+jMocjuX
sTG1oTG_ÐWTtzhsl
ﬀc
\
X	oM|
XÄ,<	
WﬀMl
W4ÖŁgt|T
	olbjMlÉ4ﬀj/>`^Xpngn

X£Wg
∆E
 
mES
\
uXÖbﬀ
lgMTQsc/_ocK

Łz:ﬀg¤g^4o_lﬀ:ﬀ{hITc=XolmjMl
T	Xo_
¤g
f+(q
2)
gW
\

\
ﬀ	ﬀcKT
	vﬀKÖ
_Łﬀvçgwﬀﬀ B(B0 → pi−`+ν) +jo|¨gM \ 	 l

Mj	
M
lT	_z:T_@Â 
lT
HòMI_Êﬀpng
lTjMdﬀ	gﬀcKmgM	j|ﬀgQgmÖŁg_
q˜2

\

lT	jcQ

2

2
ú
2_ý
í
"$*Z6ﬂ %#!#"$ﬂ>;<*H"
q˜2

%Dﬂ )+ﬂ 5#%#ﬂ 5:-¤6!D-.
kWj	vﬀ£^gQl
jM/Ö
	@
\
ocK


çoU
q˜2
<
\

M
¤Öb.hﬀ_Ogw£No_$ÖŁ_|&	¿
M
	^
cos θthrust

cos θ`

θmiss
ﬀM
M2miss
BMTÐWT¤o¤ÂI
lIòMyòM  yö òMyòMIøIGòMyòM  yöﬀ
òIòMIyÚMﬀ	

\
TlTT_hMpngMn
\
_c/

XoÖbﬀ+n_tm	T|oﬀtﬀ£Hg
∆E

mES
\
uﬀ^
mES > 5.22 GeV/c
2 ﬀ −0.4 < ∆E < 1.5 GeV XÖŁgM
	gn_|Wﬀ o#gncK+ﬀzjMI
ﬀ¢ÂÇÂ. png
q˜2

\

M
lTﬀ£SgM
lTjMbo«
T
wz,
lXjmlT_ jMjc X
b→ c`ν
TG+gW_Ä:
	

q˜2

\
TlT	MXÖŁgMoo+gblTjM#ÖŁgolgs	¿TlTg
b→ c`ν zWXl |ﬀ	jM
ÇKl
oT_hKX	doÇ/lToTG«£N	+gMlToGjjMc ﬀ
.¹?½»4ﬀ»¶\
²
þ/|
M
	X?_1Öbﬀ£Nﬀj
gWXg
q˜2
o	ozjMo@ﬀ£
b → c`ν 
 \ ﬀGXcKoI?ﬀXojT
HÖŁgo_t_ \ ﬀGfX
.æõ©þhÜÕòhè¾êåÜéÖÛhÚèê
∆E

mES
êÔ	ïÜ×Ø1f©èÕ(Û)ÕÔôÝUíî×ê^þhÜÕå×ÙêÜéÖæèÚ<êÔôèÕ×ØhÕ	ûLh×êGåþÔêÔ	Õå^×¾íHåþÔèØhè¾ÚëMÕÜéÕæã
åþÔGÕÜïØ)è¾ÚcêÔæïÜ×Ø[IÚÅÜÔ	ÕGÜÅØ −0.16 < ∆E < 0.20 GeV è¾Ø)Ý mES > 5.2675 GeV/c2
ãhè¾ØhÝ%Öæ×êêÔôÕò×ØhÝhÕ
å×ﬀåþÔ\x
∆E

mES
äÜØhÕ(ØÔôè¾êäñëåþÔÕÜÅïÙØhè¾ÚcòÔ	èd-ÜÚÅÚÛhÕåê¯èåÔôÝUÜÅØ´]ÜÅï|ÕæûLzhûW]6zèØhÝzû`]'hû
Êòò
ﬀ
	h_.Ö ﬀMT	hwg_|g
q˜2
XﬀojTn£N	Łl
_Gjjcó



^v	TjWŁlﬀQz:fT

ﬀ@k_|òI øgXŁgl
ﬀGoGjjc l
jM
cos θthrust
_Ł
\\
_o
¤o|g
	ŁXdg_|gQﬀQo.Ö
q˜2
ÖŁgMoomg
b→ c`ν l
jI cos θ`  θmiss ﬀ M2miss
ﬀ	
\\
_o
{o|gT	ŁXŁcKoI
q˜2

png
q˜2

\
TTl
fﬀ£#gl
jIŁÖﬀŁT	cKoTQÖŁg{g£N_o.ÖŁoM|
\
	 l
Tj	K
>

\\
h{ﬀ_®gM
q˜2
<o
\
TTGdlTjM©m
>+=zIﬀ_/gMXﬀojMﬀ£ZgXﬀ	uﬀzMoŁl
jMgW4cKo_c/


ËgXﬀ_j^X£SgiGjWﬀh
S/
√
(S +B)
o
\
TTG_h{_wﬀlgQﬀ£gvÊ.
q˜2
zoM©m
>~k_7m nd 	
	 \ ﬀ_h cKuﬀX£NjlTogM	j|ﬀggdÊ.ŁﬀXojTﬀ£g«l
jMËzMﬀoT
o{g
\
	T oﬀjŁ
\
ÂÇÄ
m
>×`ﬀ		h¤jMngo
\
	 l

Mj	m£N	gmXﬀ	oﬀz_
cos θthrust
MgM
Q
\\
h=gWXŁl
jIdﬀ
	
\
4d£Nﬀ	gmXﬀ	uﬀz_

cos θ`

θmiss
X{ÐWWﬀ__h
M2miss


2

2

¤ﬂ 6*,57-."4!76ﬀ-$EN*,5U*H;Ł-$8#ﬂQP("4EN(37ABﬂ
q˜2
Õ¦	
lT	jMlT
q˜2
o{
	cKnﬀ£#£Nj	¿cKc/T¤
q˜2 = (PB − Ppi)2 _Åj^¿ﬀ
	X|
£N	ﬀcKÆ!½À¿Ç¿ÌÁº#pngM/ÇKl
jh&ÖŁ_g
q˜2
	
l
ﬀG	jl_9_gWXfTﬀ
Lgj|g¨gM/	
u4oﬀ
q2 = (PB − Ppi)2 om	_lT_hQ	jMvﬀÈÁZ	TG

<oXﬀ	oﬀ®ml
ﬀﬀz,tj
Èo	
lT_h
z,
l
ﬀjLgÈﬀXoj¦ﬀ£
PB
oQﬀ> M$ÖŁﬃﬀjMo¦_	T>£N	ﬀc/ÈÖŁ_g gMÛ¬®­S¬:­¯
¥
\
T	ocK

=mhÛg@Xﬀ_jQﬀ£
Ppi
BcKXj	
'_¡guﬀzO£N	ﬀcK.vﬀUgWX/ﬀ£g
Υ (4S)
£NjM	cKcK
jMc BzMﬀoM
ÖŁgsgMo|gtXl
l
jM	ﬀlh£N	cﬃgne1Ï1eþþ
\
ﬀ	ﬀcKT
	
X	tG.ÖŁS#ª
	gToT
#_l
tg
B
cKcK
jMc oc=Xo7o>gM
Υ (4S)
£N	ﬀcKﬀS
lTcKc/=
\\
	M_c=4oﬀ=o«tz,Iﬀbg
pi
sg
Υ (4S)
£N	Xc/^ﬀ{jmgm	
oX_
q2 = (PB − Ppi)2 _{gWXŁ£N	ﬀc/XIÖŁgT	g B c/Tw_Łﬀjc/TQ/z,Xd	



d$ÖTﬀ
	TS/cK	Xl
l
jM	XfXﬀ_jﬀ£
q˜2
l
ﬀ@z,ﬀzMﬀ_
QowgMvj^
	ﬀ|£N	ﬀcKﬀ
pngMob£N	ﬀc/dobTÐWM
Qﬀ£Nﬀoo.ÖŁTIþ<njM
g^£BﬀlbgWXbg
B
cKcK
jMc c/ﬀ|M_jM
_^G.ÖŁ¨o@g
Υ (4S)
£N	ﬀcKﬀ,_o
p∗B =
√
E∗2beam −m2B
ÖŁg
	
E∗beam
o^gsz,ﬀc
T
	|ﬀh NgWﬀ£mg&lT
T	{ﬀ£c/ﬀ¤T
	|ﬀhMþ~X_o®«olT@gM@£Nj	¿cKc/Tjc
X£
Y
ofcKﬀj	TS
PY ≡ Ppi + P` #g{ﬀ|ﬀoKz:ÖbT
Ûg Y ﬀMLg B cKc/T
_Lg
Υ (4S)
£N	ﬀcKﬀ
θBY
ËlXUz,{T
	c/_
çzhçﬀjcKo|¨>
cKo_
\
ol
B →
.	
8MÛhÖ¯þ è¾Øaè¾Ø)è¾ÚëÙåÜÖÖæÛMåíîÛØhÖåÜ×ØaþhèÙÕ¥åþhÔèÝMóè¾Ø|å¯è¾ïÔ×íäÔæÜØïvÕì×|×åþaè¾Ø)ÝSÛ)ÕèäÚÅÔHf(ÜÅåþsóè¾êëñÜÅØhï
Ø|ÛhìäÔæê(×¾í
q˜2
äÜØhÕ	û
Êòﬀö
Y ν
M
lh'B
=ÂI
l7òMòI Iyò¥Zpng jM
_Èg
Υ (4S)
£N	ﬀc/XSg
Y
£Nj	<c/ﬀc/TGjcQ
g
B
c/ﬀc/TGjc c=ﬀ|ﬀ_jtﬀM¨gvﬀ|ﬀo
θBY
MTÐW/¤l
ﬀﬀZ_oojM	XT@_¨ko|
òIðM:ÖŁg
	Kgt	jM
B
£Nj	¿cKcK
jc o_
c/ÖŁgT	K&gKj	£Bﬀl
vﬀ£«gMKlT
¥ 
Mo|{£N	c gsT	&wgszWXﬀZpngM
B
	
£N	ﬀcKs_^gGjG.ÖŁÈj
\
wﬀ


ocjMgWXbﬀM|o
φ
ÐW
ÛÖŁgÛ	T
\

lt@g{4Ioﬀ£ng=l
{lT		

\
Mo|
g
Y
cKcK
jMcGpng^Xﬀ_j^X£
q˜2
_=gj^¿ﬀ
	X|^£N	Xc/oblTc
\
jMTwﬀb£N_o.ÖŁd
ŁÐW	ﬀjcK
dgWXdgM
B
	
^£N	ﬀc/__Il
XT@4mﬀ@ﬀ	zM_	ﬀ	h{ﬀ|_
φ0
,ﬀ@g
Xﬀ_jmﬀ£
q20
ol
ﬀolTjuX
¤_¤gW4
\
ﬀ	olTjuX	£N	Xc/
\
__SGpngXﬀojM
ﬀ£
q21

q22
ﬀ
q23
ﬀ	mg
wl
ﬀolTjuX
¤ÖŁg¤gM
B
	
d£N	ﬀcKmX
φ1 = φ0 + 90
◦  φ2 = φ0 + 180
◦ ﬀ
φ3 = φ0 +270
◦ 	
 \ 
l
h pngXﬀ_jŁﬀ£ q˜2
_Kgkj^¿ﬀ
	X|d£N	ﬀcKd_+gT¤TÐ

X
q˜2 =
q2
0
+q2
1
+q2
2
+q2
3
4
.Õ9«ﬀ«gWX | cos θBY | ≤ 1 _7	
iGj_	
f£N	ZgTj^
	ﬀ|«£N	ﬀcK
{z:tMTÐWTLﬀM¨gWXjMoM|QcK	gWX¨£Nﬀj	
φi
Xﬀ_j
_>gtMTÐW_&ﬀ£1gj
ﬀ
	X|£N	ﬀcK«IT+ﬀo|ﬀ_ÐWl
ﬀh_c
\
	.«g
q˜2
	T_jM_½À¿Â

ÁNXpngnl
jIËXﬀ	oﬀzo
cos θ`
NTÂI
lIòMyòM ﬀ1_bﬀ_fTÐ
{_/T	cKX£Sg
B
cK
=£NjM	cKcK
jMcûﬀ
lTc
\
jMT_¤g%j¿T	ﬀ|£N	ﬀc/mÖŁgQﬀQoc
\
	.ﬀ
w	T_jM_S
t#uYvH>HòMyðS>{þ_oj	4oﬀ¤ﬀ£#g%j^
	ﬀ|£N	Xc/
\M\
	Ioc/X_S
kW	Łl
ﬀc
\
_T
T
HÖgWﬀ/c/ToﬀwgWXdgXﬀojMfX£
q˜2
odﬀ_K|_ﬀ
zGhwg
	
oX_
q˜2 = (P` + Pν)
2 ÖŁ_g P`
ﬀ
Pν
oLgwuﬀz,	X	h¦£N	ﬀcKﬀËþ<KotgM$ÖTﬀ
	
	XgM
	sÇKl
j&|ﬀTv>jMÇKl
oT_h9| ILM
jM	oM&	
lT	jMlT_Û	T_jM_9ÖŁg
go
\\
	ﬀlg¦B
ÂI
lWòI_ÊyòMItgXÖfM
l
_
{KMﬀn	T_h=¤gM
jM	oMs
	
lT	jl
q˜2
o¤gModﬀWﬀh oT
png^	
lT	jMlTT¤XﬀojTbﬀ£
q˜2
_/goﬀWﬀh oﬀ	gGjﬀ_ÖbhIl
c
\
jM
¤_/g
Êòø
j¿T	ﬀ|ﬀK£N	ﬀc/XDko|MDòMßwgM$ÖŁgKoc
\
	.ﬀ
cK
fo
q2
	
ojIoﬀ¦zIﬀ_
¦X£ºT	
XoZgsﬀWﬀhIol
jMﬀ¨@`ﬃlT		
loﬀ^ÖŁgT&j_|=gMSj^.ﬀ
	ﬀ|£N	ﬀc/foM
ﬀ
X£_c
\
hçﬀjcKo|ÈgW4/g
B
_=4=	
=oOg
Υ (4S)
£N	ﬀc/X+Õ9zMXo'
q2
	
ojMo9ﬀ£
σ = 0.516 GeV2/c4
ÖŁgM
Ûg{
_
lT

\
_ÛlﬀMoW4=	jh9lTc/T
£N	c 
B0 → pi−`+ν M
lhﬀbÖŁgolg~Xl
l
ﬀj¤£N	=ßMÊyc~Ùﬀ£j	¤o|ﬀl
ﬀ_WX

4£º
	ﬀ_1g¤XWﬀ_h of
_
loﬀ{NzWﬀTL9g{@` ocjuXo&ÖŁg
αBK = 0.61
¥
Õ~gM
>s	ﬀl{lTc/_|s£N	ﬀcÜgMﬀg
	
B
oÖŁ	|h¤
oTlT
>XŁg_|Wﬀ
\
oSg
q2
	T_jM_>_^T	h
\
Iﬀ	mﬀ¨zoﬀ
S,Õ9tlT		
l£N	mj	^oc
\
T	£N
l
q2
	T_jM_
ÖŁg~
q2
jMM£NoMo|9ﬀo|ﬀ	_gc
\

	£Nﬀ	cK
~XwLoXT	=ﬀ|&X£fg¨ﬀWX_h _&?Â 
lT

òIòMø¥:pngoc
\
ﬀlTﬀ£Ëg
q2
jMM£NoMo|Ko	
oXT_hwcKIT^oMl
sjM	
q˜2
	T_jM_
_n_|_Ðlﬀh=c=XooT	bgﬀwj	Łzow

ﬀ£
2.0 GeV2/c4


2

2
? Þ
å
-"4(6ﬀ-$EB*,5O*,;d"$(NM ENF,5#(WADEBﬂ AB%7tEB5
q˜2
3EB57

£º
	d
\M\
_h oM|sgToTlT_ŁTl
	oz,
QoÂITlTHòIòMIMÖﬀ	_T£ºnÖŁ_gQ
\\
	.IÎ
c/X
_hçøﬀ¨_|WﬀŁTﬀ
T^Ê.ﬀ¨l
_Gjjc Tﬀ
T^Ê.ﬀ
b → u`ν TTwﬀ
òﬀòQﬀgT	
BB¯

@NTﬀo_
¦ jMcsz:T	tX	¤|TÛo9p7ﬀz_
tòIò>XçòM¢öG#png
Mo	_zjM_+ﬀ£®Tﬀ
ovg
∆E

mES
ﬀ]
\
oﬀŁgWd__lT«gW
\


 ﬀ«o_oj	XT
_Qko|MòMÊ.òQ?ÂITlTHòIyöG£Nﬀ	g£Nj	nl
XT|	o
T
p#ÛzMﬀo¡g
B0 → pi−`+ν o|ﬀdh _
o¡o'
ﬀlg~ﬀ£g9Ê$9	Tl
	jlT
 q˜2
zMoTbÖb
\

	£N	c O
w
Ê&_c/T_Wﬀs
∆E

mES

q2
=¥ 
M
 zoM
~c=$M_csjc
_oX
o_g I>ÐzWﬀ
LLcKTgMI¦Tﬀ
o
\
TLo9ñd£¿T½À¿Âô¿qÁº7pngKÐ
LXQﬀc
\
oT
_¡
ﬀlg
q˜2
zo¡ﬀ	QI_
¡o¨£Nj	/lX
|	oT
B0 → pi−`+ν o|ﬀWﬀdﬀOg	

zﬀlG|	jM

b → u`ν nﬀg
	 BB ﬀM×lT_ jMjcnpngMÈMool&	jlj	¨ﬀ£
g
K£Nﬀj	h
\

ﬀ£TG_ÈgtÖbX<ocK
MoﬀWﬀ
∆E

mES
\
uXvoo_oj	4
&_
k7o|:òMÊ.òMZÂ olTgtlT		
oX_>z,TÖ


∆E
ﬀ
mES
l
ﬀXz:tM
|_
lT
Èﬀ&_
M_ÇKl
j+
\
ﬀ	Xc/	

XﬀÖbdjgM
∆E

mES
go|ﬀ	ﬀcK+zMﬀoTK£N	c gd£NjMoH>`
ocsjMuXoXDÖX<ocK
oﬀ 
\
ﬀ	ﬀcKT	ol+e1]mkWT4pngM«Ð#ﬀ£ gMb@`9e1]mkW#dg
¥
\
T	ocK
ﬀDWX/|_ﬀ
gXﬀ_j
dﬀ£+Mo
T
\
ﬀ	ﬀc/T	f7Ê$v_|Wﬀ
\
ﬀ	ﬀcKTT	T
ﬀd£Nﬀ	
ﬀlg
q˜2
z_SGﬀKg	

b→ u`ν ﬀ/£Nﬀj	XgT	 BB zWﬀlG|	j \ ﬀ	Xc/
	

Xf_o_j	X
&oÈk_|ZòMÊ$øIZpngMKlT_ jMjc oÐMI
¦o&gMKÐ
ZzjMf_mh o
_9X
q˜2
ÊòÚ
)4/c2 (GeV2 - raw q2true q
-10 -8 -6 -4 -2 0 2 4 6 8 10
4
/c2
Ev
en
ts
 p
er
 0
.2
5 
G
eV
0
2000
4000
6000
8000
10000
12000
14000
16000
Y-average frame
(4S) frameΥ
piwrong 
Y-average:
 0.002±mean: 0.006 
 0.001±RMS: 0.516 
(4S):Υ
 0.002±mean: -0.039 
 0.002±RMS: 0.640 
BABAR
preliminary
tuYvH>ŁòIß >
q2
	
ﬀojMoUﬀ£
B0 → pi−`+ν o|ﬀWﬀdzMXoT'o¡g"j¿T	ﬀ|ﬀ&ﬀ
Υ (4S)
£N	Xc/T^X£º
	dﬀ_DﬀWﬀhIoŁl
jImX&>`×l
		
l_
WÕ~gT@gM
oTlT

\
_
l
ﬀ_WX	jhwl
cK
n£N	c 
B0 → pi−`+ν 
l
hHg q2 	T_jM_wzMXoTQÖŁg
gﬀj^
	ﬀ|n£N	Xc/n
\\
	Ioc/Xos_ËjGzoﬀ
¤XvgWﬀ1	T_jM_ ∼ 20% z,T
	
gWﬀÖŁgM
sgM
B
cK
ﬀsoﬀjc/Tsmz,4Ë	
Ëog
Υ (4S)
£N	ﬀc/X$pngbT	hÖŁo
ﬀo#ozMﬀoT@ÖŁgT¦=	ﬀll
cKoM|/£N	ﬀc gtﬀg
	
B
oÖŁ	|h@
_
lT
¨ﬀmg
o|ﬀ
\
oﬀX@Xl
l
ﬀj£Nﬀ	ßIc~ ﬀ£7gflﬀMoWX
T,pngMGjcsz,
	Łﬀ£
	oT_Qg
Ð	nﬀ¤oﬀzoMbl
ﬀ		T
\
gmjMcÜﬀ£#XoH
	oTÖŁ_g
∆q2 < −9.75 GeV2/c4
X
∆q2 > 9.75 GeV2/c4
	T
\

lT_ﬀ
_hﬀ
Êò

\
TlT	jc X	slT		
lT
¨{c/Xlg>gtﬀÄH	
ﬀWﬀlTsWXwlT	ﬀc
\
owN
KÂ 
lT

òI øII®png/o|ﬀË 	ﬀloﬀÈÐ_|Qﬀo|ﬀ	_gc oTl
	oz,
¨ÖŁ_g¦cK	tMTXoo_
Â 
lT
HòM¢ö

2

2_ü q2
 !#5#;?*:AB%#E[5DF
png
B0 → pi−`+ν _|WﬀWh oTo« 	ﬀlT
¤_Kzoﬀ£S	Ö q˜2 ﬀ	dhKﬀ=_G
	c/¥
MuXb
\
$Öbﬀ	+j	7|ﬀ_4g
\
ﬀ	uﬀ
∆B(q2) ﬀsgM f+(q2) gW \ nXË^£Njl_
X£7g
±[¶
`
»
q2
WkW	goTg	.Ö
q˜2
o	_zjMo¤cjdz,fjMM£NoM
wotg	jM
q2
ﬀﬀDﬀMÈgvjM£N_
¨h o
_csjfz:vI_
Èzh>gM/	

\

lKo|ﬀWﬀËÇ/lToTl
_

_=
ﬀlg{zo=ﬀ£Z	j
q2
MpngMob|ﬀ_Tg
\
ﬀ	oﬀ
∆B(q2) _	ozMjM_/_=z_bX£Z	jM q2 
k7oWﬀ__hﬀGgmXﬀ B(B0 → pi−`+ν) X f+(q2) gW \ oM£N	c=4oﬀ/l
ﬀwz:¥I	ﬀlTS
png
q2
<jM£N_oM|{oflﬀ		oT9jIjMoM|gM=oI£N	c/X_&o_oj	XTÈ_9k7o|DòMÊ.M

lﬀ¨z,tﬀ
SS
ﬀlgÈ	Ö
q˜2
zo&lT	ozjM
{l
T	ﬀo>£N	ﬀlTo>X£b
f{ﬀlg
	j
q2
zo®Wpng
£N	ﬀl_dﬀ	
\
jMo@Ko|ﬀDT
lT	d	

\
ﬀsc/X	
D
ÖŁgﬀ
ToTc/TG
Drt
ﬀ	t
Drt =
Nrt∑n
r=1Nrt
BòMò
ÖŁgM
	
Nrt
oŁgo|ﬀWﬀSh oTo@ﬀzMﬀ_
Q@gfo|ﬀWﬀ7>`ØXc
\
_fX£ºT	^ﬀ_Dl
jM^o
oÅ¿	.ÖÆ
q˜2r
IÅ	jÆ
q2t
dX] zMoLÂ¯Ë.HX¦
n∑
r=1
Drt ≡ 1. BòM¢öG
png>£N	ﬀlToM
Drt
ﬀ	>zMﬀoT¡£N	ﬀc o|WXm>` ﬀ'ﬀ	>_
\
T
wﬀ£g
XlTjﬀ
q˜2
h o
_¨zT	ﬀ
Ûo¨W4MZpngK_|WﬀËh _
oMf_¦zMoﬀ£gvjM£NﬀoT
q2
ﬀ	
ﬀzMﬀ_
wzh{_Gﬀ
	oM|vgT
l	d	T
\
fc/X	@
T = D−1 R
BòM øﬀ
ÖŁgM
	
D−1
o«goT	
wT
l		

\
ﬀc/X	:Gñ~ogﬀ
l	X£ZÐ
{_|Wﬀ
ù
e
×¾åÔ¥åþhè¾å
Nrt
ÜÕ(ÝÔ hØÔôÝf(Ü åþ×ÛMåGÛ)ÕÜØïﬀåêÛMåþﬁìkèå¯Ö¯þÜØïØ×ê"ååÜØïhû
Êòð
h _
oMËotz_Ëﬀ£:	Ö
q˜2
XvpU_gﬀ
l	1ﬀ£,_|Wﬀ h o
_Ë_tzoﬀ£,jM£N_
N	j
q2

Õ¦_Gﬀ
	^gMo|WX#MTTlT	^	

\
sc/X	{_>K	ﬀo|ﬀgG£N	Öbﬀ	Öb.hXÂÇÌ$Hpng
Xﬀ_j
Kﬀ£mg@ToTc/TG=ﬀ£^go|ﬀWﬀn
l	=	

\
ﬀc=X	ÎOﬀ'X£_/_Gﬀ
	
c/X	X	s|T&o&p7ﬀzoTòMø=ﬀ¨òIÚM:png
q2
jI£No_|¤Xo|	_gcóÖXmﬀXooXT
ÖŁgU4o_lﬀ__h¦o
\
TTG¤o|ﬀWﬀd>` ﬀc
\
o
T

£ºT	=XoŁTo
l_
+gﬀﬀ
o|ﬀ,>`Uﬀc
\
onl
ﬀGﬀoMdÊ.ﬀÚðð

k7_ngjﬀﬀ£®gŁo|ﬀWﬀWTﬀ
ÖbT	
jM

\
	IMjl
+gM+	Ö
q˜2
ﬀ	j
q2
g_ﬀ|	ﬀcK
png1	Tc=Xo_|_|WﬀXTﬀ
#ÖbT	
jM
Kfzj_otgŁÖjM£Nﬀo_|c=X	_l

Tjo|f
gT	1gb
lTo	 ol§ﬀoWXo.{B§f
£Nﬀ	ct<£Bﬀl	
\
ﬀ	Xc/	

Xo ½ ÌÇÂÁ
α = 0.61
^ﬀ	mgvþÂ

Õ ¤|
T	X	ÖbTo|g



_o_j	X
¤_k7o|MòM_ÊﬀÊMgMm	jMX	Ö h oTow_	ozjIoﬀÄ®T	l
MoM
	Xz_h¤£Nﬀ	
Xﬀ	ojM«Xﬀ_j
ﬀ£
q2
¶
.ÖTﬀ
	
IgmjMM£NoM
=Xﬀ_j
ﬀ£
q2
c=Xlg=gM^	jXﬀ_j
bﬀ
	h
Ö
_?_
\
T
_hwﬀ£#gf_|Wﬀ®|
T	X	ŁjT/lTc
\
jMgMfMTTlT		

\
M
c/X	:]

Ml
Öbl
ﬀl
_jgW4dg
q2
jM£Nﬀo_|
\
	IlT
j	fÖ	 
\
	
\

	h
pngﬀﬀ:hI_
_{o_T£ºnjMlgWﬀ|Tzh¤gjM£N_oM|
\
	 l
TTWþwgoM_ ojﬀ
q2
zMoTMg
\
	 l

Łﬀ£jMM£NoMo|so|M_ÐWl
ﬀ_h=ﬀc
\
oÐW
«gXool
ﬀ:jMl
T	Xo_
nﬀ£
g1	Ö9h _
oM
.ﬀZl
ﬀfz:1T
fop7ﬀzo1òI Iñ
.ÖbT	
$g
q2
jI£No_|nﬀ_Ło	 jl
T
XG<l
		
oX_dz:ÖbT
Èg
q2
zMoTSjlg¨gXg_ﬀc
\
oÐWl4oﬀ@TÄ:
lfomXfﬀ
oﬀ	|ﬀŁ£Nﬀ	«gﬀﬀ,k pngM^TÄ:
lX£®gM>`¡Xool
ﬀHjl
T	ﬀo_
«ﬀ£Sg^_Gﬀ
	
MTTlT	+	T
\
nc/X	To
cK
ËjTvognjM£N_oM|
\
	IlT
j	nhsﬀlTl
jMG+£Nﬀ	
 ∼ 1% jlT
	ﬀohÈNTp7ﬀz_
dòMÊ.òvﬀQòMÊ.ßMHÂITlT
:òI ItﬀQòMI¢ö ﬀHÂ h 
c/Xol
jMl
T	Xo_
nﬀ	oo|f£N	cûgMmjM£N_oM|
\
	IlT
ŁX	£NjMo_hvﬀﬀT{otXl
l
ﬀjŁo=g
jMl
T	Xoh{
_c=Xo{cKTg SWﬀn¥
\
uﬀ_
QoQÂITlT
:òIÚM
.,æõ¶×ÜØñóÔ	êå:åþÔ¥ÝMÔåÔ	Öå×ê:êÔôÕò×Ø)ÕÔìè¾åêÜ ÷cãZf:ÔÛhÕÔGåþhÔßõ(àDè¾åêÜ ÷ü O öqØñóÔ	êå5ClEHìÔæåþ×MÝòhê×óñÜéÝMÔ	Ýäñë
åþÔ
root
Õ×í ågfèêÔø Òg.úHÝÔæóÔ	ÚÅ×ÙòòÔ	ÝsèåÓ$Am
e
û¶á ìè¾åêÜ ÷±f(þ×ÙÕÔÝMÔåÔæêìÜÅØhèØ|åÜÕn°	Ôæê×´f:×ÙÛÚÝØ×åä)Ô
CîÔ	èÙÕÜÚë[E:ÜØñóÔæêåèäÚÔûMöqØU×ÛêGÖ	èÕÔãñåþhÔÝMÔåÔæêìﬀÜØhèØÙå(×í¶åþÔÝMÔåÔ	Öå×ê(êÔ	Õò×ØhÕÔìkè¾åêÜ ÷ÜéÕºû º^dzdxdxdhû
Êòß
0
200
400
600
800
1000
)4/c2 (GeV2raw q
0 5 10 15 20 25
)4
/c2
 
(G
eV
2
tr
ue
 q
0
5
10
15
20
25
t#uYvH>,òMÊ.S>¤p#	jM
q2
IŁ	.Ö
q˜2
£N	no|WXD>`^
)4/c2 (GeV2q
0 5 10 15 20 25
4
/c2
Ev
en
ts
 p
er
 2
 G
eV
0
100
200
300
400
500
=0.61)α (2raw q
=0.61)α (2true q
=0.61)α (2unfolded q
 (ISGW2)2unfolded q
BABAR
preliminary
tuYvH>SòM_ÊﬀÊD>w«ﬀ_oW4oﬀQX£Ëg
q2
<jM£N_oM|
\
	IlT
jM	ﬀ:png	jﬀ>	.Ö h oToo¿
	_zjM_+Ä®T	lToT	ﬀzhs£N	+Xﬀ	_j+XﬀojM
«ﬀ£
q2
<
.ÖTT	
 gjM£N_
vXﬀojT
X£
q2
c=Xlg>gt	jsXﬀ_j
mﬀ
	h@ÖbTo?:oM
\

T_h>ﬀ£1gv_|Wﬀ7|
M
	4	j

vl
c
\
jMgT
l	Ł	T
\
c/X	:
Ê
ö
:;=<?>òM ø>f«XojTËﬀ£HgnMTTlT	+	T
\
Łc/X	£N	7g
B0 → pi−`+ν _|Wﬀ[ﬀÏ1ﬀlg
lTojMc//l
		

\
ﬀs	j
q2
zo¤ﬀ{l
ﬀGﬀoMgM^£N	ﬀl_«ﬀ£DTﬀ
Łz,
oﬀ|oM|
¤Xlg&	Ö
q˜2
z_
,pngtjc X£1ﬀlg&lTojcK@_^_
_lﬀ__hwMﬀ,jlg&gX^g
q2

jMM£NoMo|
\
	IlT
/lgWX|
vgMQgW
\
wﬀ£^g
q2

\

l	jMcÙzjMKl
M
	T/gMQﬀﬀ
Gjcz:T	dX£


q˜2 \ q2
°
GeV2/c4 ±
&²
Â Â
²
Ë Ë
²
Í Í
²
Ï Ï
²
¿

¿
&²
¿Â ¿Â
²
¿Ë ¿Ë
²
¿Í ¿Í
²
¿Ï ¿Ï
²
Â

Â
&²
ÂÇÂ ÂÇÂ
²
ÂÎ
&²
Â
3³
ÏÇÌ
3³
¿
3³ 
ËæÎ
3³ 
Ë
3³ 
ÍÎ
3³ 
Î	¿
3³ 
ÏÇÂ
3³ 
Í¯Ë
3³ 
ÍÇÌ
3³ 
ÍÇÍ
3³ 
ÄÇÂ
3³ 
ÄÎ
Â
²
Ë
3³
¿Ä
3³
ÎË
3³
¿Ë
3³ 
¿Ä
3³ 
¿Ç¿
3³ 
Ä
3³ 
ÄÇÄ
3³ 
Â¯Ë
3³ 
Î	¿
3³ 
ËÇË
3³ 
ÂÇÍ
3³ 
¿Ä
Ë
²
Í
3³ 
Ä
3³
¿Ë
3³
Î	¿
3³
¿Ì
3³ 
ÂÇÏ
3³ 
ÂÇÄ
3³ 
¿Ï
3³ 
¿Ë
3³ 
ËÂ
3³ 
¿Ä
 
Í
²
Ï
3³ 
ÂÇÂ
3³ 
¿Ç¿
3³
¿Ë
3³
Î	¿
3³
¿Ë
3³ 
ÄÇÌ
3³ 
¿Ë
3³ 
¿Ç¿
3³ 
Ä¯Ë
3³ 
¿Â
 
Ï
²
¿
 3³ 
ÂÎ
3³ 
¿Â
3³ 
¿Ñ
3³
¿Ä
3³
Î¯Â
3³
¿Ä
3³ 
ÌÇÌ
3³ 
Â Î
³
Äµ´
²i
Ì ¿
³
Íµ´
²i
Ì Î
³
Íµ´
²i
Ì

¿
&²
¿Â
3³ 
ÂÎ
3³ 
ÂÎ
3³ 
Â
3³ 
¿Í
3³
¿Â
3³
Î¯Ä
3³
¿Ç¿
3³ 
ÑÇÂ
3³ 
Â¯Ë
3³ 
¿Ç¿ Í
³
Î&´
²i
Ì Ì
³
Íµ´
² 
Ì
¿Â
²
¿Ë
3³ 
¿Ä
3³ 
¿Î
3³ 
Âô¿
3³ 
Â
3³ 
ÄÇÏ
3³
¿Ç¿
3³
ÎÇÎ
3³ 
ÑÇÏ
3³ 
ÌÇÑ
3³ 
ËÇË
3³ 
ËÇË
3³ 
¿Â
¿Ë
²
¿Í
3³ 
¿Ì
3³ 
ÑÇÍ
3³ 
¿Î
3³ 
Äô¿
3³ 
Íô¿
3³ 
¿Ñ
3³ 
Ñ
3³
Î¯Í
3³ 
ÏÇÌ
3³ 
¿Ï
3³ 
ÂÇÍ
3³ 
¿Ë
¿Í
²
¿Ï
3³ 
Î¯Â
3³ 
ÂÇÍ
3³ 
ÂÇÍ
3³ 
¿Ï
3³ 
¿Â
3³ 
ÂÇÌ
3³ 
ÂÇÏ
3³ 
ÏÇÍ
3³
Î¯Í
3³ 
Î¯Ï
3³ 
Ïô¿
3³ 
ËæÎ
¿Ï
²
Â
 3³ 
¿Î
3³ 
ÂÇÄ
3³ 
ÂÇÏ
3³ 
¿Ï
3³ 
ÎË
3³ 
ÂÎ
3³ 
ÄÇÌ
3³ 
ÑÇÑ
3³ 
ÎË
3³
Î¯Ì
3³ 
Î¯Í
3³ 
Âô¿
Â
&²
ÂÇÂ
3³ 
Â¯Ë
3³ 
Â¯Ë
3³ 
¿
3³ 
Î
3³ 
Ï¯Ë
3³ 
Â¯Ë
3³ 
ÍÇÌ
3³ 
¿
3³ 
Âô¿
3³ 
ÍÇÏ
3³
Î¯Â
3³ 
ÏÇÄ
ÂÇÂ
²
ÂÎ
3³ 
Î¯Ñ
3³ 
ÄÇÏ
3³ 
¿
3³ 
¿Ë
3³ 
¿Ï
3³ 
Âô¿
3³ 
¿
3³ 
ÂÎ
3³ 
ÌÇÂ
3³ 
ÑÇÍ
3³
¿Ñ
3³
ÏÇÑ
:;=<?>ËòMyÚ>¨«ﬀ_j
ﬀ£ng=oT	{MTTlT	s	T
\
¤c=4	ÎÈjTÛ>jI£NoÈg
q˜2
Mo	_zjM_¤ﬀ£7go|WX?
q˜2 \ q2
°
GeV2/c4 ±
&²
Â Â
²
Ë Ë
²
Í Í
²
Ï Ï
²
¿

¿
&²
¿Â ¿Â
²
¿Ë ¿Ë
²
¿Í ¿Í
²
¿Ï ¿Ï
²
Â

Â
&²
ÂÇÂ ÂÇÂ
²
ÂÎ
&²
Â ¿
³
Â
² 3³
¿Î
3³ 
Ä¯Ë
²i3³ 
Î¯Ñ
3³ 
ÍÇÍ
²i3³ 
ÌÇÑ
²i3³ 
ËæÎ
²i3³ 
ÄÎ
² 3³ 
Î¯Ä
² 3³ 
Ïô¿
²i3³ 
ÂÎ
²i3³ 
ËÄ
Â
²
Ë
²i3³
ÂÇÄ ¿
³
Ë
²i3³
ÂÇÑ
3³ 
Í¯Ë
²i3³ 
¿Ä
² 3³ 
¿Ñ
²i3³ 
ËÏ
²i3³ 
Ä
²i3³ 
Í
² 3³ 
ËÏ
²i3³ 
ÄÇÂ
²
Ì
³
Ñµ´
²i
Ì
Ë
²
Í
3³ 
ËÍ
² 3³
ÂÇÑ ¿
³
Ì
²i3³
ÄÇÌ
3³ 
ÍÇÌ
²i3³ 
¿Ë
3³ 
Ë
²i3³ 
¿Ñ
² 3³ 
ÂÇÌ
²
Í
³
Íµ´
²i
Ì Ï
³
Ñµ´
² 
Ì Â
³
¿z´
²i
Ì
Í
²
Ï
²i3³ 
ÑÇÂ
3³ 
ÌÎ
²i3³
Äô¿ ¿
³
Ì
²i3³
Äô¿
3³ 
Ì
²i3³ 
ÑÇÏ
3³ 
¿Ì
²i3³ 
Î
² 3³ 
¿Ì Ä
³
Î&´
² 
Ì
²
Ë
³
Ïµ´
²i
Í
Ï
²
¿
 3³ 
¿Ë
²i3³ 
¿Ç¿
3³ 
ÌÇÂ
²i3³
ÂÎ ¿
³
Ì
² 3³
ÂÎ
3³ 
Ë
²i3³ 
ÌÇÄ
3³ 
Íô¿
²
¿
³
Î&´
²i
Ì
²i3³ 
¿Ì Ä
³
Âµ´
²i
Ì
¿
&²
¿Â
3³ 
ÂÇÑ
² 3³ 
ÂÇÌ
²i3³ 
¿Ç¿
3³ 
ËÌ
²i3³
ÂÇÌ ¿
³
Ë
²i3³
ÂÇÂ
3³ 
ÂÇÍ
²i3³ 
ÄÇÂ
3³ 
Â
²
Ä
³
¿z´
²i
Ì
²
Ñµ´
²i
Ì
¿Â
²
¿Ë
²i3³ 
¿Ì
² 3³ 
¿Ï
²i3³ 
¿Ä
²i3³ 
Î¯Ï
3³ 
Äô¿
² 3³
Âô¿ ¿
³
Ë
²i3³
¿Ï
3³ 
¿Ñ
²i3³ 
ÂÇÄ
²i3³ 
¿Î Ñµ´
²i
Ì
¿Ë
²
¿Í
²i3³ 
Â
² 3³ 
Ë
²i3³ 
¿Ë
²i3³ 
ËÂ
²i3³ 
Ä
3³ 
ÂÇÂ
²i3³
¿Í ¿
³
Ä
²i3³
¿Ì
3³ 
¿Ä
²i3³ 
Ë¢¿
²i3³ 
¿Ä
¿Í
²
¿Ï
²
¿
³
Î&´
²i
Ì
² 3³ 
ÄÇÌ
²i3³ 
Ä
²i3³ 
¿Í
²i3³ 
ÎË
² 3³ 
ÌÇÍ
3³ 
¿Ë
²i3³
¿Ì ¿
³
Ä
²i3³
¿Ë
3³ 
ÏÇÍ
²i3³ 
ÄÇÍ
¿Ï
²
Â
 ²i3³ 
¿Í
² 3³ 
ÂÇÄ
²i3³ 
ÄÎ
²i3³ 
Âô¿ Î
³
Âµ´
²i
Ì
² 3³ 
Ä¯Ë
²i3³ 
ÄÇÏ
²i3³ 
ËÌ
²i3³
¿Ä ¿
³
Ë
²i3³
¿Ë
²i3³ 
¿Ñ
Â
&²
ÂÇÂ
²i3³ 
Âô¿
² 3³ 
Äô¿
²i3³ 
ÍÇÂ
²i3³ 
Î¯Ì
²i3³ 
ÌÇÍ
² 3³ 
Â¯Ë
²i3³ 
ÏÇÄ
²i3³ 
ÑÇÑ
²i3³ 
¿Ñ
²i3³
¿Ç¿ ¿
³
Ë
²i3³
¿Ä
ÂÇÂ
²
ÂÎ
²i3³ 
Ñô¿
² 3³ 
Äô¿
²i3³ 
¿
3³ 
¿Ç¿
² 3³ 
ÂÇÍ
3³ 
¿Ä
²i3³ 
ÏÇÑ
²i3³ 
ÂÎ
²i3³ 
ÌÇÍ
²i3³
¿Â
²i3³
ÂÇÑ ¿
³
Â
:;=<?>òM>ñŁ
oX«4o_lﬀGjlT
	ﬀ_Gh¤ ~vDﬀ£Wg	ÖOﬀjM£N_
so|ﬀhI_
_
_>Xlg
q2
z_@£N	gs	ﬀ7WXI®png
q2
jMM£NoMo|
\
	 l
T_l
	ﬀ
mgMsX__lﬀ
jMl
T	Xoh{ﬀ£#g__ _jWﬀ
q2
zoM
WzjMŁMﬀdﬀ£7gﬀﬀ®h oToS
q2 ¶ GeV2/c4 · ¸$¹»º º$¹z¼ ¼ ¹»½ ½$¹»¾ ¾$¹ﬃ¿À¸ ¿À¸$¹ﬃ¿Àº ¿Àº$¹ﬃ¿I¼ ¿I¼ ¹ﬃ¿À½ ¿À½$¹ﬃ¿À¾ ¿À¾$¹»ºÁ¸ ºÁ¸$¹»ºÁº ºÁº$¹»º"Â Ã:Ä ÃﬃÅÆ
Ç
ÅÈÊÉﬁË[ÌIÆ[Í ¿ÀºﬂÎ_¿ ÏﬂÎ_¿ ¾ﬂÎDÐ ÏﬂÎD¾ ¿Á¿ÁÎDÑ ¿ÀºﬂÎD½ ¿Á¿ÁÎDÑ ¿-ÂﬁÎ_¿ ¿ÀÐﬂÎ_¿ ºﬂ¿ÁÎDÑ ¿ÀÐﬂÎDÏ ¿-ÂﬁÎ_¿ ¼ÒÎD¾
ÓNÔﬂÕ
Ä Æ[ÍNÌÍÖÉﬁË[ÌIÆ[Í ¿I¼ÒÎDÑ ¿ÀÑﬂÎDÑ ¿ÀºﬂÎDÏ ¿ÀÐﬂÎD¸ ¿ÀÐﬂÎGÂ ¿À¾ﬂÎDÐ ¿ÀÑﬂÎ ¼ ºÁÐﬂÎ_¿ ¿-ÂﬁÎD¸ ºÁ¾ﬂÎ_¿ ºÁ¸ﬂÎDº º"ÂﬁÎDº ¼ÒÎD¾
Ê
öÊ
kW		j
B0 → pi−`+ν _|WﬀITﬀ
TGg q2 	
ojMogWﬀËgM	
ŁÄ®T	TGËl
c \ 4
M
TMk_		ﬀltojT/£N	ﬀc gŁTlhKﬀ£®gŁI<_|Wﬀ
B
oËÖŁ	|htoM
ÐW

XgWXfﬀ£Qo|WX
pi±
l
ﬀ_WXﬀZpngT=l
ﬀ_WX
fﬀl
lTjf£N	fßc~ [Xl
l
ﬀ	_|{
g¨>`óocsjoX_ÛÖŁ_g
αBK = 0.61
tﬀ£fﬀ_Łg>
oTlT
Y_|WﬀŁl
ﬀ_WXT{ﬀ

¨QgM$Ö j
\
cK	s£N	
iGjT_hÈ4go|gM
	
q2
XﬀojM

:ÖŁg
	Kg
\
o¨cKc/Tjc
_^c=ﬀ_?Wþ¨k_|,òMÊ.MHgTsl
ﬀ_WXTml
ﬀ		T
\
>=gﬀÄ,<uX|Wﬀ
\
_GÖŁg
__olT		
u4oﬀ@z,TÖ

¨	jtﬀM&	Ö
q2
Xﬀ_j
T

oDgso|ﬀ7l
ﬀ_WX
^	jMgI
c/Xlg
Û&gwl
		
l
pi±
	ﬀlLo_¤ﬀ_|>gwuﬀ|ﬀWﬀ«	T|oÛX£mk_|ËòI_Ê.çBﬀo
g.ÖŁ=_=k_|òMyß¥pngd
lT¤lTc
\
M
«	
j_+£N	cûX/jMl

	ﬀ_h/_tgŁz,I
Mj¦gMQ£Bﬀl/gWXKgQ	j
B
£N	ﬀcKQovﬀ
\
	
l
_T_hOG.ÖŁSþUg
B
£N	Xc/X
q2 = (PB − Ppi)2 = m2B +m2pi − 2mBEpi
ÖŁg
	
Epi
_ng_h=ﬀX	uXzom
	cQWpngT	
_gGjvXÛolT	X{ﬀ£ŁgM{jl
T	ﬀohL_Lg
\
oÛz, s.Öﬀ	to.Ö
	
q2
XﬀojT
z,
l
ﬀjsgXﬀ_jX£
Epi
olT	
ﬀTm£N	gﬀXojT^ﬀ£
q2


=	
jM_,guX|Wﬀ
	
|_Sx¢KÖŁ_Mg¡o'k7o|«òMÊ.¦|ﬀT/uﬀ	|
	v.Öbﬀ	M¤o.Ö
	
q2
Xﬀ_j
Tpngg_	¡lTct
\
Tnjmg^o|ﬀWﬀ
\
o®xyb	ﬀlG_|s	T_jM_¤gWXns
|ﬀoo|ﬀoz_nTÄ:
lTŁﬀ¤g
q2
	
ojMo®

2

2
V í
(".-$EN(WA
∆B(q2)

£º
	ngo|ﬀWﬀ®h oTong.ﬀz,
T@zIﬀ_
Qﬀds£NjloﬀQX£gMfjMM£NoM
{XﬀojT
X£
q2
gM
\
ﬀ	uﬀ:z	ﬀMlgo|v£N	XlT_nX	zMﬀoTwowﬀlgQz_Qzhwjo|tgl
		
¿
\
Mo|>ÇKl
oTlTh¦|
Û_Lp7ﬀzo=òMyð>ﬀLg=Xﬀ«Gjcsz,
	sﬀ£
B0
c/To9g
XﬀTK
NB0
:pngGj
®£Nﬀ	mﬀlg
tth q2
zMoSHg
\
ﬀ	uﬀ#z	XlgoM|¤£N	ﬀloﬀ
∆B(q2) _
|ﬀ_Tzh&
∆B(q2t ) =
(
E−1 D−1 R
2NB0
)
q2t
BòMÚ
ÖŁgM
	
D−1R
_ËﬀX
v£N	cùÏ+i,GòI øﬀ
E−1
_Ëgn_
	duX|Wﬀ TÇKlTo
MlThvc/X	
ÖŁgMf
_
cK

E−1rt
ﬀ	goﬀ
	X£7go|ﬀWﬀSÇ/lToTlTh¨
E−1rt =


N0t
Nt
r = t
0 r 6= t
BòM ﬀ
Ê
öG
	j
q2
zMo _|Wﬀ:TÇKl
_
lh¦ ~v

GeV2/c4
 	
|ﬀjuﬀ	 ªKk+ÂMñ
4¿ ÚM øXÚ ± Mﬀß ÚIòMÊ ± Myð
$<ö I_Êò ± Mﬀß   ± Myß
öXÚ I ﬀ ± Mﬀß  _Ê.ß ± Myß
Ú4ð I_ÊﬀÊ ± Mﬀß  _ÊÊ ± Myß
ð4Ê. ÚM XÚ ± Mﬀð ÚI ﬀß ± Myð
Ê.$Ê$ ÚMß ± Mﬀß ÚIßß ± Myß
Ê$.Êö I  Ê ± Mﬀß  ò ± Myß
Êö4Ê.Ú Ið ± Mﬀß  ßß ± Myß
Ê.Ú$Ê.ð ðMÚﬀð ± M_Ê ðI ø ± MÊ.
Ê.ð$ﬀ ßM X ± M_Ê ßI ø ± MÊ.
ﬀ$ ßMò ± M_Ê ßI øﬀò ± MÊ.
.ﬀÚM¢ö ßMÚﬀÚ ± Mﬀð ßI ﬀò ± Myð
:;=<?>®òMyða>QÂIo|ﬀDTÇKl
_
lhQ£Nﬀ	
ﬀlg>z_@ﬀ£Ë	j
q2
,pngMXﬀojToﬀz,
o_
=Åªd¤k+ÂIñnÆ
X	cKIÐW
{K	
cK.fk+ÂMñØÄ®TlT

ÖŁgM
	
Nt
og_|WﬀHh oTo¤zIﬀ_
{/go|WXS>`YXc
\
_mX£º
	nXoHl
jMno¤g
tth q2
zMovﬀ
N0t
_gﬀXGjcsz,
	+ﬀ£
B0 → pi−`+ν M
lh 1osg tth q2 zotz,T£N	
XGh¤l
jM

þQÏ+iHWòMyÚMMgM
	_n£Bﬀl	Łs4gM
cKoX	z:TlﬀjMgo|ﬀ:h oToﬀ
ÇKl
oTl
_
Łﬀ	mÐW
{£N	c gjMc ﬀ£DTo
l	Łﬀ{cj_¤g_ﬀﬀ_h _
 ÖŁgo_
g
`
ﬀ£
∆B(B0 → pi−`+ν, q2) ﬀM£N	ŁM_hwfo \ ﬀ Hﬀ	
,pngﬀﬀD jMcsz:T	
X£
B0
o
NB0 = 2NBB × B(Υ (4S) → B0B¯0) BòMð
ÖŁgM
	
NBB
_gM=ﬀﬀ« jMcsz:T	ﬀ£
BB¯ \
ﬀo	|TÛzGhÈgM
B
l
ﬀjoM|&ﬀo|ﬀ	gc
½À¿Ç¿ÂÁ
:Õ¦vﬀjc/T&gWX B(Υ (4S) → B0B¯0) = B(Υ (4S) → B+B−) = 0.5 {zMﬀo
gl
TG	ﬀSXﬀ_j
Łﬀ£7j	n	
j_

þ<=gWﬀ¤z,
T'g.ÖŁ~o

\\

M'`^bX£ñd£¿
½ Â

Á
gWX/g_|WﬀŁTÇKlTo
MlTh'gﬀ
ﬀ
	h¨o__
\
T
Ml
=ﬀ¨gvjT	hI_|{gT	_lﬀËcK 
ËjM
¦ﬀgMK|ﬀ
T	X	
XoM|tﬀbg_|Wﬀ,TÇKl
_
lh{ol
c
\
jM
wo¤suﬀ	|^Gjcsz,
	bﬀ£
q2
z_nﬀM¤ﬀX	oT
c/ ﬀg_hÖŁ_g
q2
Zpngo_f_T
¦gvlﬀ/_¦ﬀj	fﬀWﬀhIoolTﬀ#ﬀg.ÖŁL_Èko|
òI_Ê$ .TTgMj|gg«_|WﬀÇKl
oTlThf_#cKTÖŁgWX7l
ﬀ		TuX
ÖŁ_g
q2
$_D_#c/ ﬀg_h
Ê
öò
)4/c2 (GeV2true q
0 5 10 15 20 25
si
gn
al
 e
ffi
ci
en
cy
0
0.02
0.04
0.06
0.08
0.1
BABAR
t#uYvH>,òMÊ$v>wÂ o|WXSTÇKl
_
lhwﬀds£NjloﬀQX£	j
q2
Bk+ÂMñØÄ®TlTdoMl
ojM
H¥
Mo	_zjMTs.T	+£Bﬀ_	_hmuﬀ	|Gjcz:T	Ëﬀ£
q2
zoM
4pngg_|g
	7_|WﬀGTÇKlTo
MlTht4Ëg_|g
q2
_l
	ﬀ
Kj	vTIhÛoçgM	
|_çﬀ£m_G
	
K£N	vu4_l
w÷`]
\
	
MolToM
ÖŁgM
	gMfo|ﬀSTlh{	4on¥
\

lTKz,c/ﬀo_
	
ÂÇÍ


2

2
V
2Bë
í
(".-$EN(WA
Ò
æD×M/EN-$8
ã
*9æS


l
	oz,
{o¤ÂI
lMòMÚI I¢ögM
	m	ﬀMuX_dl
ﬀ		TlTo«cK^ﬀ£Zg
B0 →
pi−`+ν

l
.h TGÖŁgMolgKTÄ:
lT_ﬀ
_hz:Tl
cK
B0 → pi−`+ν nγ M
lh 1Iof÷Ï1] \ 	 l
T
ﬀc/T 
¹º³,²ﬀ¾®°H±?²ﬀ±¿»
n
²·ﬀ¹B²ﬀ±B¹?µ4³
[k+ÂIñ^¥MÕ~go_^gMonTÄ:
l^jMjzI
M_h{¥M_Xgﬀ
/z,ﬀX
>_Kﬀl
lTjdKc/ 
:gf_|WﬀSh oTodﬀMQgfﬀX B(B0 → pi−`+ν)
gWXvÖQcKXj	ﬀ1_t_vg.Öb
	/ﬀvXﬀ
Oo9ﬀlTl
jMGK_çg÷`] lXol
jMuXo
gWX«Öbdj 	ﬀlT |Vub| 	1g f+(q2) gW \ ﬀ png
	^o+g jMﬀKoT	TbﬀzMﬀ_

∆B(q2) _	ozjIoﬀÈgWXt_cKIÐW
È&	
cK$ﬀ=gM{k+ÂMñàTÄ:
lto9	T	Ð
g
f+(q
2)
gW
\
ﬀl
c
\
ﬀ	/Û÷`]
\
	
_lTo=ﬀU 	ﬀlT |Vub| ?Â 
lT
òMyòMyð
.c
e
×¾åÔåþhèå©åþÔ¥ähèÖF-ñïê×ÛhØhÝkëñÜÅÔ	ÚÝhÕèêÔífè¾ÜêÚÅëÖæ×ØhÕåèØÙå©×óÔ	êWåþÔ
q˜2
ÕòÔ	ÖÇåêÛhìÙCfÕÔæÔn]ÜÅï|Õæû[zhû |d}è¾Ø)Ý
zû_|ﬃxEû
Ê
öö
wòMyòM_Ê:png
∆B(q2) _	ozjIoﬀÖŁgÈk+ÂMñ 	ªQk+ÂIñ ﬀ	tzMXoT&zGh@j_|
__uﬀ
q2
_	ozMjM_Sﬀ£
B0 → pi−`+ν Tlh 7	
 \ 
l
h|
M
	4TÖŁ_gfe
U=mp=fÂ
j	M
J=ªﬃ	=kËkL£N	
N0t
_QÏ1iHHòMI

2

2QÅ
Ób*W-.(WA B(B0 → pi−`+ν)
png«ﬀﬀ k{£N	#g
B0 → pi−`+ν 
l
.hlgWﬀM
 o#_c \ hmzIﬀ_
zhjcKc/_|
j
\
g
\
ﬀ	uﬀ
∆B(q2) o{gvÊ$ q2 zoM
B(B0 → pi−`+ν) =
12∑
t=1
∆B(B0 → pi−`+ν, q2t ).
BòMß
p#{
oc/Xg4o_lﬀ#jlT
	ﬀoh@>g_^z	ﬀlg_|{	4oM,ÖtjsgslTX
Xﬀ	uﬀMl
dc=X	Î
VY
	Tj	M
{zhvgdÐ
	
 kW	ﬀc gl
.Xﬀ	oﬀl
dc/X	vﬀ£®gŁÐ

h _
oM
VY
SgKl
.Xﬀ	uﬀlTvc=X	Î&ﬀ£g
\
ﬀ	uXËz	XlgoM|£N	XlT_
V
o|
¦zh
g	TuXo&
V = B VY B
T [òI_Ê.
ÖŁgM
	
B = E D
−1
2N
B0
N£N	c Ï+iHdòMÚpngTSngÈﬀWX	~£N	csjMu9£N	{jMl

	ﬀ_h
\
	
\
X|X_{onjM
¦
σ2BF =
12∑
i,j=1
Vij.
[òI_ÊÊ.
þwﬀM_ovg^Ðb
			
MlT.ﬀX	uXl
c=X	_l

ﬀ	ml
c
\
jM
=£Nﬀ	bXlg
∆B(q2)
h Tc=4oljlT
	ﬀoh¤ﬀbTlT	oz,
{_wÂITlTMòMyÚM Õ¦^g.ﬀmT	_Ð
¤gXbg
h 
c/XoljlT
	ﬀ_GoT^ﬀ	lTc
\
X_zoÖŁ_gQgf_	
lŁﬀX	u4oﬀQX£gMfﬀﬀDbkOXﬀojM
ÖŁgM
/gﬀWﬀhIo+_«	
\
X
/j_|cK _ÐWT/>`UXc
\
_
dN
mÂI
l òMyÚﬀpngﬀﬀ
lT.ﬀX	uXl
{c/X	¦ot|ﬀ_TçzGh9gwjMc ﬀ£Łgw__ _jWﬀ«c=4	_l
T
jlgUgWXtg
Xool
ﬀWﬀMKh Tc=4olŁjMl

	ﬀ_oT«ﬀ	dﬀM
KoviGjWﬀ	Xj	nfzMXosgMdﬀﬀ
jMl
T	Xoh
png/
			
\
	
\
ﬀ|Xo&£N	csjo{ﬀ¦g=lT.ﬀX	uXl
vc/X	
V
ﬀ£ﬀj	cKXj	

\
ﬀ	uﬀ
∆B(q2)  \ TlT	jc ﬀ	ﬀo¤	ToTXﬀ¤TXzo_g@g q2  \ 
lT	jc gW \ sjMI
lT
	ﬀ_GoTmﬀ>{	TuXgMsc/
ﬀjM	

∆B(q2)  \ 
l	jMc ¤gg
	TolX f+(q2)
Ê
öGø
gW
\
ﬀÕ~gvgTŁjlT
	ﬀoo
«ﬀMKg
_	+l
		
oX_Tﬀg
q2

\
TlT	jcûgW
\
dcK$
j	Tc/Tb_
\
X	_l
joﬀ	hjMT£NjM,z,
l
ﬀj^_«_1ﬀXo_hcKIT<o
\
TTG
png
^W4
l
ﬀUg
¡z:jT¡¦ 	ﬀlT/g
f+(q
2)
g
\

\
ﬀ	ﬀc/T	Kj_|
²ﬀ³
Lg
	TolX
\
ﬀ	ﬀcKT	

XoS

2

2_ï
ænEº-$t*,; |Vubf+(0)| (W5#%¡-$8Dﬂ f+(q2) 
8#()+ﬂ&)#("$(W29ﬂ-.ﬂG"4
pngcKXj	

∆B(q2)  \ 
lT	jcÜgW \ ^ÖŁg{bXool
ﬀ,ﬀ{hITc=Xoll
.X4
	uﬀMl
c/X	ol
Togc/ﬀn_c
\
	ﬀn	TjŁﬀ£#g_ŁﬀWﬀhIoTMþ<dogM$ÖTﬀ
	oT	
¿
o|tK|ﬀ/Mf
\
£Nj	gT	^Xw	
\
	

^goŁgW
\
f_M£N	c=Xo=o{g£N	cóﬀ£ﬀ
f+(q
2)
£Njl_Spng_nonﬀzGh{ÐM_|sÖ
\
X	ﬀcKT	

X_bvj	nWXÂÎMgﬀ
X£ËbTl
_	T _l¿§ﬀ_Wﬀ_$®B§fk½ ÌÇÂÁ®ﬀ"
_o^½ ÌÇÄÁºþz,ﬀgl
ﬀT
WÖb
\

	£N	c tz_T
χ2
ÐMjo|g^ﬀMWﬀ	=_Ä:
	
oﬀH
l
.h=	X£N	csjo£N	
cKoo
\
ﬀol
B
M
lhK

\

jMXlﬀoﬀ	Łc/T¦
XPS
nﬀngMe1]mk~
F (q2, α(, δ)) = | ~ppi|3 · |f+(q2, α(, δ))|2 [òI_Ê$ﬀ
∝ dΓ(B → XPS `
+ν`)
dq2
,
[òI_Ê.ò
ÖŁgM
	K
| ~ppi| =
√
(m2B +m
2
pi − q2)2
4m2B
−m2pi,
[òI_Êö
XQg
f+(q
2, cB, α(, δ))
£NjloﬀŁﬀ		

\

l
h&
f+(q
2, α, cB) =
cB
(1− q2/m2B∗) · (1− αq2/m2B∗)
[òI_Ê$øﬀ
X
f+(q
2, α, cB, δ) =
cB · (1− δq2/m2B∗)
(1− q2/m2B∗) · (1− (α + δ(1− α))q2/m2B∗)
[òI_Ê.Ú

k
%^åþÔæêòhè¾ê¯è¾ìÔæåêÜW°ôèåÜ×Ø)Õ:þ)è¢óÔTäÔæÔæØDÖæ×ØhÕÜéÝMÔæêÔ	ÝUÜØ%åþÔÚÜÅååÔ	êè¾åÛêÔûr×ÙêGÔ÷è¾ìòÚÔãåþ×|ÕÔïÙÜÅóÙÔæØ%ÜØ
m(ÔífÕ	ûø ù.púXè¾Ø)Ýø ùF	ú û
Ê
öÚ
£Nﬀ	n§ ﬀ 
_o?pngMXﬀ_j
bﬀ£
α

δ
ﬀ
cB
ﬀ	ﬀjMg	

T¤tXﬀ	hKÖŁ_g{to_c/1
cKoMocK

ŁgM
χ2

png
χ2
cKo_c/


=owgÐdoŁzj__n£N	c gM
V
l
.Xﬀ	oﬀlTfc/X	=KﬀX_G
Xl
l
ﬀjdgl
		TuXobz:ÖbT
@gc/
ﬀj	
cK
Ł_wgXﬀ	_j
q2
zMo
χ2 =
12∑
q2i ,q
2
j
(
∆B(q2i )−
∫
F (q2i )
)
V −1ij
(
∆B(q2j )−
∫
F (q2j )
)
,
[òI_Ê$ﬀ
ÖŁgM
	
∫
F (q2i )
Tﬀ
Łgo
|	ﬀSﬀ£Ï+i,HòI_Ê$s.T	dg	ﬀM|ﬀ£#g th q˜2
z_S
pngl

	ﬀ#ﬀXojﬀ£+g
f+(q
2)
gW
\

\
ﬀ	Xc/
	
®ﬀ@g
_	XﬀDjlT
	ﬀ_Ghﬀ
X	szIﬀ_
>jMoM|¤gﬀX7lT$Xﬀ	uﬀMl
sc/X	Q_¨Ï1iH®òM_Ê.I®þ>g
\
	
Tl
ﬀt_
ÖŁgMolgvgnjMl

	ﬀ_oT1ﬀ	ŁcK	b	+oT+j£N	c ﬀl
	+g
q2
z_
jMoM|fT_g
	Ëg
Xool
ﬀ	1gMhITc=XolŁl
.Xﬀ	uﬀlTc/X	so/Ï+i, òMÊ$mh o
_+gdX_olXHﬀ
gshITc=Xoljl
T	ﬀoh:	T
\

lT_ﬀ
_hﬀ®pngTo	miGjWX	Xolfjc odo@£BXlTmlTo

ÖŁg{gMﬀXSjlT
	ﬀohﬀ
Õ¦ﬀ_scKﬀj	g |Vubf+(0)| lTﬀ£N	c gmﬀ	c/ﬀo

Xovﬀ£DjM	
∆B(q2)

\
TlT	jc ¥I	
\
oXTÈ
q2 = 0
ZjMoM|jM	ÐMT
f+(q
2, cB, α(, δ))
£Njl_SZpng
jMl
T	Xo_
1ﬀ£,g_«cKXj	
cK
ﬀ	ŁzMﬀoM
vj_|gŁX_olXWﬀKh 
c/X_l
lT.ﬀX	uXl
Qc=4	_l
TKX£mg
cB
ﬀ
α \
ﬀ	ﬀcKTT	T«gM
lTX _|Èo9ﬀl
lTj=g
lT		
oX_çz:ÖbT

cB
ﬀ
α
+Õ9QlﬀMﬀ¤cKXj	Qg
f+(q
2)
	c/ﬀ_

4oﬀLzh

_£z,
lXjwg
∆B(B0 → pi−`+ν, q2) ﬀ	c/ﬀo  Xo¦ \ 
M=çgwjM M$ÖŁ
Xﬀ_j
nX£z,ﬀg |Vub| ﬀ f+(0) ½ Â

Á

Õ¦l
oT	T@ﬀQﬀT	WX_ﬀmc/g ¤vT_c=4^gh 
c/X_ljl
T	ﬀo_
T
þ&gocKTgI®®g
f+(q
2) \
ﬀ	ﬀcKT	

X_mX	sÐ
Èﬀ|ﬀo>wg
∆B(q2)  \ Tl
	vc/ ÐW
{vXﬀfo/ﬀl
lTjﬀlgh 
c/X_ljMl

	ﬀ_h¦BTtÂITlT
:òIÚ¥Wpng
Xﬀ	uXoMsoÛgMcKIM
<
\

M
tÐ
OXﬀojTKﬀ	QﬀO
oc/X{ﬀ£gQh 
c/4
olKjlT
	ﬀoo
TDpngoﬀ_
	WXvÖhÈﬀ£nToc/X_|{g/h 
c/X_l/jMl

	ﬀ_oT

M=¦|_ﬀoo|ﬀgG_hÛoﬀ	|ﬀ
	Kh 
c/X_ljMl

	ﬀ_oT/gWﬀ¡g@ﬀc/_WﬀncKTgMIS
þ¨gM/TSZÖbKlgKMﬀfjvg/ﬀ
	WX_tcKTg ¨iGjXK	
j_gWXﬀ	
	
\
	IMjl
_zon£N	ﬀc j	
\
jz_og
/l
.Xﬀ	oﬀl
Łc/X	olT

Õ¦ﬀoz,
_oTﬀdgWX1gMo«c/¥
Ê
öG
g t$ﬀ
	
oc/Xgh Tc=4olbjl
T	ﬀo_
ËzhÖŁ	|ﬀ_hf	
X_|^cKX__lﬀ
jlTjWX_ŁﬀŁhITc=XoljlT
	ﬀ_GoT


2

2_ý
Óbﬂ T-$t*H; Ôß 6(WAB6!7AN(M-$EN*,57

. _|{sﬀoDgÖb	¤c/
ﬀjM	sgM
∆B(q2)  \ TlT	jcõX&_^l
.Xﬀ	uﬀlT
c/X	olT
TM_z:Tl
cK
Ł	TuX_ﬀ
_h/XhhﬀTdjT£Nj[MvjfŁﬀŁsTdﬀ£#ToTlTT>÷`]
l
ﬀolTju4oﬀ
GÕ9X	_|tKzh{l
ﬀc
\
X	oM|sj	ncKﬀj	T
q2

\

l	jc gW
\
mÖŁg
ggT	ol
ﬀ
\
	
_lT_TÕ9f=Mﬀdjfgf	c=ﬀ_

X_¤ﬀ£7g£N	cÜ£BﬀlT	n

gl
ﬀolTju4oﬀËz,
lXj_+ÖjoK	TiGjo	dG.Ö'gdXﬀ_jŁﬀ£ |Vub| £Nﬀ	_	
l
lTc
\
ﬀ	_¤ÖŁgwj	ŁW4M
Õ¦vjtgMs£No_$ÖŁ_|
\
	IlT
jM	twl
ﬀc
\
X	g
\
	Tol

q2

\
TlT	¤ÖŁ_gÈﬀj	
X{
ÊnÕ9¤cK _£ºh¨jM	sc/
ﬀjM	

∆B(q2)  \ 
lT	jc&	
cK$ﬀ{k+ÂMñ TÄ:
l
Ëﬀt
¿
l
	_z:TÛoçÂ 
lT
+òMyòMyÚM_ÊﬀÏËTOgj|ﬀgLg{kËÂMñÜ	
cK$Xﬀ 
sXtgWw>z_|
oc
\
ﬀlT
H_m_^cK	
\
	Tl
_s={_^oMl
tk+ÂIñ Ä®TlTg.ﬀtﬀz,
T&olTojM

o{g÷`] l
ﬀolTju4oﬀbKWXﬀWÕ¦
\
jMŁgmÅªd/kËÂMñnÆ
∆B(q2)  \ 
l	jMc _
ﬀwgo|	ﬀc
Hmeas

IdkHﬀ	Ë^lgﬀ
=÷`]'lﬀ_l
joX_S.Önl
	
Xﬀtgo|ﬀ	ﬀc
Hth
ÖŁ_gg
\
	
MolT

q2

\

lT	jc gW
\
ﬀ,l
ﬀoTQ/gMfﬀﬀDbkçgWXŁÖbgWc/
ﬀj	
S,ﬀMQÖŁg
gnﬀc/bzoMo|X
Hmeas
pngogo|	ﬀc oÐW_oTÖŁ_gsgŁkËÁ

pd÷^|T
	4
	nX{	ÖbTo|gT{tc/Xlg¤g
q2

\
TlT	jcÜﬀ£Dg^

@÷`] lﬀ_l
joX_S
j_|{gtcKTgI¨TlT	oz,
¨_¦ñŁT£¿^½ Â

ÁN
Hth
lTﬀ_tcKo_o_T	_
TZ
gWXŁnXool
ﬀWjljW4oﬀŁﬀ	T|o_|ozMo¥m
òMnÕ9l
c
\
ﬀ	gMcKﬀj	T&ﬀ
\
	
MolT
&g_|	Xc/
Hmeas
ﬀ
Hth
,zozh
zoSI£N	c ÖŁgolgwÖbfl
ﬀc
\
jI
χ2
Wpng
χ2
onlTc
\
jMT@Xf
χ2 =
12∑
q2i ,q
2
j
(
Hmeas(q
2
i )−Hth(q2i )
)
V −1ij
(
Hmeas(q
2
j )−Hth(q2j )
)
,
[òI_Ê.ð
ÖŁg
	¨g&l
.Xﬀ	uﬀlT&c=4	Î
V
olTojTwﬀoŁgM&4o_lﬀ^ﬀ~h 
c/X_l
Ê
öð

\
T	_c/TGﬀSjMl

	ﬀ_oT
WzjIM
|_
lTnggM
	h{jlT
	ﬀoo
m
öŁpng
\
	zWXzo__hŁgW4#g+TTt÷`]çlﬀ_l
joX_
l
	oz,
#j	ZcKﬀj	T
\
Tl
	jMc _/ﬀzMﬀ_
O£N	c g
χ2
ﬀz,.j_|9gM@ﬀWX	
\
	IlT
jM	ﬀ1£N	QÊ$

|	
Tﬀ£#£N	T
ﬀc Ng jMcsz:T	Łﬀ£
q2
zo
Õ¦TTK£Nﬀj	ËÄ®T	
«÷`]YlXol
jMuXoXÖ	
lT
«jiGjTlg
/uX_l
n÷`]
l
ﬀolTju4oﬀ ½ ËÑ6 Ì

Á b	
lT
ÁZo|g1`bﬀdÂIjc ñdj_lXol
jMuXo ½ ËÏÁ ﬀMsgnþÂ

Õ 
iGjWX	Oc/ 
%½ ËæÎÁN«pngT	&ﬀ	@TT	ﬀﬀgM
	=l
ﬀolTju4oﬀvﬀ£mgM
f+(q
2)
£N	c £BﬀlT	
X£
B0 → pi−`+ν Tlh 
X¡cK	{ÖŁ_onjM	
hO \\ X	/_Og£NjMj	X1zjMKÖb>Mo
MﬀX
c
\
{Tﬀo7gTKlﬀ_l
joX_
:þﬀ®DÖv
lToT¦
\
jzo_gÈ
ﬀj|g
_M£N	c=XodŁﬀ_o.ÖÈoT	TT
\


\
oŁc=ﬀXËgT+TbN	Dﬀhﬀg
	:gTc/

T
[yXG$gb	
|jMuﬀ	#ﬀÅªk+ÂMñÆ
∆B(q2) o	ozjMoM7Xg
_	ﬀ l
oXTl
.Xﬀ	uﬀlT
c/X	olT
T

2

2BëX;
Þ
å
-."$(W6ﬀ-.EB*,5U*H; |Vub|
pngﬀ
	h/ÐWWﬀ®
\
ﬀ£#j	nﬀﬀ_h _l
ﬀﬀ£#¥I	ﬀl_|sgÅIl
_j¥ÆmXﬀojM^ﬀ£
|Vub| £N	 B0 → pi−`+ν M
lh 
¥=mÈgoc/X
	
SÖKo¦{
	hÈoc \ _vﬀWﬀhIoTZp7
|ﬀTg¤c/4Ioc/ﬀ
\
	
l
__L |Vub| #g=lTj		
vX/ﬀ£ngM{ﬀ	sﬀWﬀh 
 ½ ËÄ6îÌÇÌ6îÌÇÍÁ
lTcsz_@Tﬀ
	XmgT	ol
ﬀmXY
\

	_c/Tﬀo
\
jI¤_YL
\
gool
XT¡Öb.hﬀ


go
\
_1g_=
\
ol>_T¤g>l

\
&ﬀ£fj	=
\
T	_c/TGﬀÖ	¡YgM&¬®­S¬:­¯
¥
\
T	ocK

(
Tl
XSÖbKo&MﬀfX
c
\
mQMTT	cKoswlT
	ﬀËXﬀojMsﬀ£ |Vub| SM	

\
	Tl
_
h'T_c=4@¤T			Tþﬀ®Öb¨_c
\
_hOl
c
\
jM@gM>ﬀXojT{ﬀ£ |Vub|
X l
oXT/ÖŁg=
ﬀlg¤Xﬀo_vlﬀ_l
joX_+TT¤o¤ÂI
lIòMyòMßIGÖŁg=	ﬀ_|g£N	Öﬀ	
T			
\
	
\
X|X_SW]o|/WÖzIﬀ_@K
\
	ﬀ>X£ |Vub| ﬀXojTdgWX|_ﬀ
/	ﬀj|g
_sX£7gl
j		TGz,
 |Vub| Xﬀ_jﬀMQjMl
T	XohWþwgXz	ﬀl^XwjcKc=X	h
ÖmiGjﬀ^gM |Vub| Xﬀ_jmX l
oXT=ÖŁ_g/gmcKb	
lT
h \ jzo_gT¤lXol
jMuXovﬀ£
g£N	c £BﬀlT	U½ ËÑÁN
p#@¥I	ﬀltwﬀXojvﬀ£ |Vub| £N	c Klﬀ_l
joX_SSjMoM|@j	fcKﬀj	T ∆B(q2) 
Ê
öß
Öfl
oT	gﬀﬀ	Q	TuXo&
∆B = τB0V
2
ubG
2
F
24pi3
∫ q2max
q2min
| ~ppi|3f+(q2)2dq2, [òI_Ê.ß
_KÖŁgMolg | ~ppi| _£Njloﬀ/ﬀ£ q2 TÐ
{zhKÏ+iHMòMÊöp#¥ \ o_l
_
htouX |Vub| GÏ+iH
òI_Ê.ßt_nﬀ£ºTwÖŁ	_
ﬀ
|Vub| =
√
∆B/(τB0∆ζ) BòM X
ÖŁgM
	
τB0 = 1.530± 0.009 \
½ Ë¯Á®_ng
B0
o£NT_c/ﬀ
∆ζ =
G2F
24pi3
∫ q2max
q2min
| ~ppi|3f+(q2)2dq2. [òI IÊ.
_#gbM	c/ﬀo

T
\
ﬀ	uﬀTlh	Xﬀ

7lﬀsz,«
TtoÏ+i,ﬀòMIÊ
∆ζ

\

MËh
Ö
_< M$ÖŁwiGjWﬀ__
TMIlT
\
Ł£N	bg
f+(q
2)
£N	cà£Bﬀl	bgWXŁcsjMnz,
\
	. oM
wzh
÷`] l
ﬀolTjuXo®ﬀpngdGjc/T	_lﬀXﬀ_jnﬀ£
∆ζ
X/1jlT
	ﬀ_GhKX	
\
	. oM
/£Nﬀ	
t|T
q2
	ﬀ|zh¤ggT	_ngWXŁc/ﬀgl
ﬀolTjuXo®MkW	ŁÁ#`nÂMñg_n	ﬀM|
_
q2 <
Ê.Ú
GeV2/c4
7kW	fuXolT/÷f`]_o
q2 >
Ê.Ú
GeV2/c4
#png¤l
ﬀ		T
\
_|
\
ﬀ	uﬀHkWbﬀ=g
_	jMl

	ﬀ_oTﬀ	^zIﬀ_
/zGh/jMc/cKo|f.T	bgdÐW	To|g
q2
zMon	guX£NjM	
q2
z_nowÏ+iHHòMyßtﬀQòMÊÊ

ngo
\
o
IÖfg.ﬀTT	hGgMo|
Ö^M

Kf 	ﬀlT |Vub| j_|Ï1iHIòMﬀMÕ¦d£N_o.Öçg \ 	IlT
j	^j
/zGh
k


½ ÄÇÑÁ

\
	
\
ﬀ|4gbjMl
T	Xo_
Ëﬀ£Mg_
\
jM
\
ﬀ	ﬀc/T	
∆B  τB0
X
∆ζ
 |Vub| 4Õ¦
Ð	lTc
\
jM |Vub| ÖŁ_g&g
_	ml
TG	ﬀËXﬀ_j
T®gM
&ÖbvlTc \ jMtﬀ|ﬀ_>ÖŁ_g&ﬀlg
_
\
jM
\
X	ﬀcKT
	
\
ojMbﬀM=cKoGj1_«jMl
T	Xoh png^TjMo|fﬀX	u4oﬀ+ﬀ£ |Vub| ﬀ	
lToT	
wvz,_njMl
T	Xo_


ªdﬀtgXfﬀo#gKﬀz,.vh&
\M\
o_
^wgvo	
lT
	cKoX_&ﬀ£ |Vub| £N	c
gfIl
_j
B0 → pi−`+ν Tlh,þ<dodﬀ_ \ _zom/Mo	TlT_h{cKﬀj	 |Vub| £N	c
XgT	sIl
_j
B → Xu`ν 
l
hIvjlg¡X B → ρ`ν Ëﬀ	£N	c gM{olToj_ b →
u`ν
M
lh ½ Ë¯Áº7þçﬀM_oSD_o	
lcKﬀj	Tc/Ttﬀ£ |Vub| ﬀ	 \ 	. oTÛzh9|_zWﬀ
ÐMﬀ£1gM
\
ﬀ	Xc/
	m

	_|¤gM
(ρ¯, η¯) \
uﬀM!½ ÄÇÏ6 Ë¢¿qÁº

_#g
KcKXj	
cK
ﬀ	
lTc
\
oTc/TGﬀ	hﬀ
Ê.øﬀ

2
? SENF:5D(WAbﬂ
å
-"4(6ﬀ-$EB*,5 7-v-.ﬂ 64875#E[R®!#ﬂ

¥
\
uﬀ_
¨o¦ÂITlT
7òI_Ê{ﬀ¦òMyòMyöM®Öb
\

	£Nﬀ	c ¤Ð{g
∆E

mES
_	
zMjM_@/ 	ﬀlT^gso|ﬀX>zWﬀlG|	j>h _
oM
HgWXÖbtM

>¤
	c/__
Ê.
q˜2
z_
SpngMKoc
\
oTÖh>QM{{Öbﬀjo¨z,s
\

	£Nﬀ	c gsÐ_&ﬀlg
q˜2
z_

\
X	X
_hﬀZT
	c/_o|w
ﬀlg¦ocKsgK_|Wﬀh _
o®DﬀÖbTo«ﬀg
b → u`ν Zﬀg
	
BB¯
ﬀ'lT_ jMjc h _
oM
1png@Ð/Öbﬀjo¡g
¡gW@L
	c/_Qö
\
ﬀ	ﬀc/T	
\

	dz_SHöð/_Qﬀﬀ[WpngoGjcsz,
	
,ﬀM>l
M
iGjT_hQgMX_olXZjl
T	ﬀohQ
g^ÐTwh _
oM
Ml
ﬀ{g.ÖTT	Łz:m	
jMl

Qzh¤lT	ﬀ_oM|gMzWﬀlG|	ﬀjTxl
ﬀo_|
£BXlTﬀ	nvz,gﬀcK Øt_QcKﬀ£7g
q˜2
z_
W
d
lTﬀWÖbfﬀ	j_|tg	

b→ u`ν
X=£Nj	«ﬀg
	
BB
zﬀlG|	jM
\
ﬀ	ﬀc/T	
ÖŁg_oŁgl
oGjjcào1ÐMI
{_/gÐ

pngM^Gjcsz,
	ﬀvh
\
ﬀ£®Ð
\
ﬀ	ﬀcKTT	1ÖbT	lgT=
\
	$ _^| IKzWﬀoﬀlTdz,T
Ö
T¤	Tooﬀl
nﬀ=_csjoX_
\
	
_lT_Tl
c
\
o¥I_htﬀ£:gnÐbﬀvXﬀWjMl

	ﬀ_h


ﬀDkWj	g
	c/ﬀ	ﬀ,gtﬀﬀ#h o
_Èﬀ
q˜2
g
\
tX£gvl
_GjjcõzWXl |ﬀ	jM9ﬀ	
lT		
l
QÖŁ_gwgﬀÄH	Tﬀl
W4tl
	Zﬀc
\
oﬀ
@XGhsﬀgT	+ﬀWX_h T+ot¬®­®¬®­¯LX	nﬀ_mjMoM|
∆E
X
mES
ÐË£N	7gWX
\
j	
\
X
þM
TSI£N	_|WﬀHTﬀ
go«_	ozjIoﬀ/gWXnfh
\
_lﬀ,gW
\
XIÖŁg_lg¤_Ä:
	b|	X_h
£N	c gtg
\
vzM
	T¦£N	zWXl |ﬀ	jM¦

7kHﬀ	mc/ﬀﬀ£«gTKﬀWX_h T
DﬀW$
hGol
ﬀ
\
	zWXzoh¤Th{£NjlToMBe1]mkWbgW4
\
	. oftXo£BﬀlT	h{M
lT	
\
_
X£7gzT	ﬀ
@Mo	_zjM_nX	fﬀXouXzoX

Wﬀ_h 
+ﬀ£H
cKoo
\
ﬀol«
l
hI1l
ﬀtjg
∆E

mES
Mo	_zjM_Sh
.ÖTﬀ
	
g
\
	

lTtﬀ£1=M
jM	oM=	Tjo>/o

\
	
lTo	
lT	jMlT_>ﬀ£gTÖ{iGjWﬀÎ
oT
png_«_1
\

l
oﬀohgdlﬀ_vg
\
	TTGﬀWﬀh o+z,
l
ﬀj^ﬀ£,gdo nl
jMj

l
M	ﬀosgTjM	oMﬀpng_+oXm
∆E

mES
o	_zjMo¤[k_|j	bòMÊ.ò#ÖŁgﬀ
gW
\
=_ÇKl
jf@cKIM

\
	Tl
_
h&ÖŁ_gLﬀ9ﬀWﬀh olKe1]mkb#pngo_ÇKlTj_h¨lTc/T
cK_h£N	cûgM£BﬀlgWXbl
		TuXovo«o	 jl
T¤z,TÖ

{g
fiGjWﬀ__
«zh
gcKooM|^cKc/Tjc ﬀ£WgM
jI	_ﬀkHﬀ	7gMo	ﬀSË_cK	
\
_c=XGmÐËg
XQo	_zjMo¨Qg/o|ﬀWﬀ«ﬀLzﬀlG|	jM
∆E

mES
g_|	Xc/cK
¨_	ozj 
oMËzMﬀoT£N	ﬀc gdn`ﬀ	_ﬀc
\
o
l
	oz,
vovÂ 
lT
òMøIﬀpngM
\
ﬀ	Xc/
	
MTT	cKoT{zh¤gmÐMdﬀ	mgl
ﬀo_|£Bﬀl	Ł
\\
_o
¤sgmh _
oM
\
	Tol
wzh¤g
Ê.øIÊ
Qw`ﬀ	oocjuXo&>oM£NT	fg/	j/hI_
__9gM=WXM#png¤Xc/=
\\
	ﬀlg
ÖbﬀtjMo_

T¦_Û>	Tl
TGKXWﬀ_h oX£ŁlgWﬀ	cKoTIl
_j{Tc/_o
\
MolK
l
.h sÖŁg
M
jM	oM¤	Tl
	jlTo ½À¿

ÏÁBHÕ9tjMgsl
ﬀ	sÐ
	^Tﬀ
o
\\
T&o@gWXXWﬀ_h oôÂÇÏ

pngMÐ^odzWﬀT&>/|
T	ﬀ_


@zMoT@_oﬀTo_gI {Ðc/g ÐW	^Tﬀ
o
\\
T&zh
ñWX	o.ÖØﬀ@`^Hb
T ½À¿Âô¿qÁ 
pngŁbﬀ	_$ÖOXvb
Tt
lgMoiGjn_ﬀ£,o
	TËjËolT_7ﬀX
+oﬀl
lTj
MﬀmM_h{gMX_olXGjlTjWX_^XÄ®TlTo|KgWXKo	ozjMo®WzjMXoKgﬀ
4Ä®TlT_|Ûg¦ﬀG¦`ﬀ	_OMo	_zjM_=gWX{ÖÈÐMQÛgTÈWXIpngo{£N
Xj	
X£dg=Ðsos_c
\
	ﬀz,
l
ﬀjﬀ+ﬀÖŁoo«z,¤
\
oﬀoTÛoçÂ 
lT
+òMøII ﬀOòMI_Êﬀ_Ê
gXoolTd.Xﬀ_uﬀzMom£N	ngMtt`ﬀ	oKl
_Gjjc Tﬀ
X	f	
oXT_h{c=ﬀ_?

\
Tl
oﬀoh/ÖŁgTgThwX	
\
	ﬀQ.T	Ê$sz_nﬀ£
q˜2


2
?
2Bë
Ò
"4EBﬂG;d%DﬂI
6"XEN)D-$EB*,5ç*H;d-$8Dﬂw#-K-.ﬂ 6X8#57EBRS!Dﬂ
p#m 	ﬀl7gbo|WXGﬀszWXl |ﬀ	jMh o
_#zGhfc/4IocK

o|nd|
M
	Xo


zoM

_oX
o_g ISGgM
∆E

mES
_	ozjIoﬀnﬀ	fjz,_ oM
Qo
n
zoTWz:XgQo{gW4
XvŁ`ﬀ	_^ﬀc
\
o
T$pngbXﬀ Gjcsz,
	X£HTT
ﬀogW4^XvŁ`ﬀ	_
ﬀc
\
oTŁﬀ	v
ND =
n∑
i=1
di,
ﬀ
NMC =
m∑
j=1
Nj =
n∑
i=1
m∑
j=1
aji,
[òI ﬀ
	

\
TlTT_hDÖŁgT	
di
og=Gjcsz,
	fﬀ£bWXwTﬀ
o¨g
ith
z_SZþ¦g
\
	T

XWﬀ_h o
GgMmﬀc
\
_

oTlT
{£N	g^Ðnﬀ	XjMc/Twsl
ﬀGﬀo{öh
\

nX£7TG
o|ﬀ?WlToGjjMc
b → u`ν zWXl |ﬀ	jM¨ﬀ@XgT	 BB¯ zWﬀlG|	jM
Spng jMcsz:T	
X£1s`ﬀ	ovTﬀ
^ﬀ£7h
\

j
_{g
ith
zMoQo
aji
ﬀ
Nj
_gﬀﬀZGjcsz,
	Łﬀ£
TGﬀ£+g_h
\
ﬀSpngo¥
m = 4
	
\
	

gMsGjcsz,
	mﬀ£+h
\

ﬀ£1TGo
ﬀj	nﬀc
\
_ﬀ
þ<£bvl
jMo¨
|ﬀo
lgvX_olXWjljW4oﬀfXÄ®TlTo|{gM=Q/`ﬀ	_wo¿
.jÞÔDÛhÕÔDèsòhèÙÖF-¢èïÔ%ØhèìﬀÔôÝRßõ¶×-JÛÚØ|ÛO¶ÜÅååÔæêf(þhÜÖ¯þRÜØhÖ×Ùêò×ê¯èåÔ	ÕåþÔSÕèìﬀÔDÖæ×êÔååÔæêèÙÕåþÔ
$ﬂÖæÕ.]Ü ååÔæê¥òhèÙÖF-è¾ïÔÙãhÛhÕÔ	ÝDÜÅØm(ÔíûXø ÒYoFjúãäÛMåf(ÜÅåþSè4ÝMÜWÔ	êÔ	ØÙå¥ÛhÕÔæêÜÅØ|åÔ	êífèÙÖÔﬀèÝèòMåÔôÝ%å×U×Ûê¥è¾Ø)è¾ÚëñÕÜéÕ
Ö×MÝMÔû
Ê.ø
0
5
10
15
20
25
30
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
)2
 
(G
eV
/c
ES
m
5.19
5.2
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
Signal events
0
5
10
15
20
25
30
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
)2
 
(G
eV
/c
ES
m
5.19
5.2
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
 eventsν u l →b 
0
10
20
30
40
50
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
)2
 
(G
eV
/c
ES
m
5.19
5.2
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
 eventsBOther B
0
2
4
6
8
10
12
14
16
18
20
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
)2
 
(G
eV
/c
ES
m
5.19
5.2
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
Continuum events
tuYvH>7òMÊ.ò>
∆E

mES
_	ozjIoﬀ^£N	gMv£Nﬀj	h
\

ﬀ£TTsj
¦o&gK_|Wﬀ
¥ 	XlT_{ÐX£ºT	Łﬀo®
_
loﬀ

Ê.øﬀò
	_zjM_Ö{Ðt&g{WXMgMoto_ﬀToogMI ¦Öj_Ooc
\
_hÈz,{g
\
	zWﬀzMooh¨
ﬀzT	fo{gWXvt|
Q {di} 
lnL =
n∑
i=1
(di ln fi − fi) , [òI ﬀò
ÖŁgM
	
fi
_«g^)#"$ﬂ %7EB6ﬀ-.ﬂ %& jMcsz:T	bﬀ£STTnoKg
ith
z_SIÂIolTÖŁgW4bÖÐg
Xvo	ozjMoQﬀ	gfo	ozjMoMnzT	ﬀ
&owgMsﬀGs`X	oK_csjoX_S
fi
l
ﬀQz:mÖŁ	_
ﬀ
fi = ND
m∑
j=1
Pjwjiaji/Nj =
m∑
j=1
pjwjiaji
[òI Xö
ÖŁgM
	
Pj
_g^£N	ﬀlTo{X£#gWXsﬀc
\
_^l
ﬀGﬀoMo|sTGd£N	càh
\

j
ﬀ
wji
_1Ö
_|g1ﬀGoM|ofﬀlTl
j«gŁ	X_z:ÖbT
=gŁojcKoﬀ_hfﬀ£:gŁW4ﬀc
\
_
X9gM=ojMc/_h&ﬀ£ng{ﬀGw`ﬀ	o@ﬀc
\
oX7XÖ
oﬀﬀh9ﬀg
	l
		TlT_T
_oXgTl
	oz,
>_&ÂITlT
®òMøIIHpnglﬀ_o|v£Bﬀl	d=z,T	cKoT@zhwgfÐ
X	
pj = NDPj/Nj


l
ﬀ@z,
T@£N	ﬀc Ï+i,,òMXöWXool
ﬀWjMlTjX_dlﬀXÄ:
lT
fi
g	jM|gg
h _
oM
aji
ﬀM
Nj
pngGj

fi
oËlTo
	_7	jMﬀXojbÖŁgM
v_+l
ﬀtz,ÖŁ	_TtosT	cK
X£
Aji
Ig
true
Xﬀ_jﬀ	ﬀjwÖŁgolg
aji
WjljWX
f
fi =
m∑
j=1
pjwjiAji
[òI øﬀ
p#c/_ocK

«gŁTÄ:
lX£:gŁoocK_
s`ﬀ	oX_ol
+_tgÐ
\
	IlT
jM	ﬀÖ
MX7c/4IocK

gM«_oX
o_g Im|ﬀ_TzhfÏ+iHXòI ﬀòIzjM7	Xg
	Dc/4IocK

+d|ﬀ
T	ﬀ_

T
ﬀ
	oﬀ¤ﬀ£Sgo«o_ﬀ
_og  SzWﬀ
¤ﬀ/gM^l
ﬀcszoM

\
	zWXzo__hsz
	|ﬀ_T=T
{di} _{gWXvﬀQK|ﬀ_TwT {aji} _¤gs`ﬀ	ot_	ozMjM_m
lnL =
n∑
i=1
(di ln fi − fi) +
n∑
i=1
m∑
j=1
(aji lnAji − Aji) . [òI ﬀÚ
Â olTfgh oTo
Aji
X	fjG.ÖŁS®_>ﬀM_o{Kg
m
l
ﬀo_|v£BﬀlT	
pj
HÖM$Ö
Ê.øXö
g.ﬀ
m×n jMG.ÖŁ \ ﬀ	ﬀcKTT	+z,nT
	c/_
t£N	ﬀcùgMdc/4IocK  X_X£:gnoÎ
X
_og I®.]^

\
_#
\\
ﬀ	TG#lTc
\
oIh$ﬀ	o.Ö9ﬀs

 ½À¿Âô¿qÁ g.ﬀbg.ÖŁgX
goc/4IocK

X_Ql
j_¨z:vgWﬀMoTÈ_Èwoc
\
oÖhZpngMoc=$M_c/

XoQ	TiGjo	

gWXng
	_XXﬀ£
lnL BÏ1iH,òMﬀÚÖŁgw	T \ 
lTŁ Aji z,


	£N	c ÖŁgolgÈ
Aji =
aji
1 + pjwjiti
,
[òI ﬀ
ÖŁgM
	
ti = 1 − di/fi ®pngGjT®gooX
_og Iw_^c/4IocK

TÖŁg>	

\

lm
Aji
ÖŁg

gXﬀojTnﬀ£
ti
X	gojMoMﬀ£#g^X£
n
Ti jX_ŁTÐ
zGh>
di
1− ti = fi =
m∑
j=1
pjwjiaji
1 + pjwjiti
.
[òI ﬀð
pngM
Ti jX_nlXz,TQGjcK
	ol
ﬀohIkoWXo_hﬀgmXﬀ_jmﬀ£
lnL _c=$M_c/  T
ÖŁgQ	T
\

lTvg
m = 4
l
ﬀo_|K£BXlTﬀ	
pj
j_|/ﬀ@
	X
\
	IlT
j	ﬀ

ﬀlg
T	XoS,gvcK
\M\
	
\
	u4sXﬀojMtﬀ£
Aji
ozIﬀ_
&£N	ﬀc Ï+i T#òM ﬀwXLòMﬀðM
=mh
(m+ n)

iGjWXoŁgWﬀf/z,
L[v|	
Xd_c
\
__ÐWl
X_=lTc
\
ﬀ	TQKg
(n+1)×m lTj \ _
KﬀK o_X	
iGjW4oﬀ1	
iGj_	TKfz,ŁTKÖŁgKfﬀMWﬀ	

\\
	ﬀlgHbtÐWwgMfz,
d
oc/XX£
pj
HﬀnÖ
_Zﬀngz,
Toc/Xﬀ£
Aji

png
\
	 l
Tj	/
l
	oz,
çﬀz,.¤
\\
o_
@g/ÐM&o|_/Mo	_zjM_SSÕ¦
M

/Ð^Ê.fjMlg¤o	ozjMoMË¥ 	XlTbgdo|ﬀWﬀh oTo/ﬀb£Njloﬀ/ﬀ£
q˜2
Gpng_
_nzh¤ÐWMo|vgMfc/4IocjcÜX£
lnL =
12∑
k=1
lnLk [òI ﬀß
ÖŁgM
	ﬀlgUﬀXojQﬀ£
lnLk oK|_ﬀ
¡zhUÏ+iHòMﬀÚMË£N	vgM ∆E  mES o	_zjMoçﬀ£
gs
£Nﬀj>_@g
kth q˜2
zMoS,þ<
\
T@£Nﬀj	
pkj
l
ﬀo_|/£Bﬀl	
:þ@ﬀﬀ?
g=Ðvgﬀ&MTT	cKo
12 × m = 48 lﬀ_o|£BﬀlT	T¥
.ÖTﬀ
	
1Xt4
Û_Lg
_	 jl_@¤go^
l_S:gtzWﬀlG|	jÈl
ﬀo_|=£Bﬀl	ﬀ	sl
M	ﬀoM
&{z,
gdﬀcKŁoKcKŁﬀ£®g
q˜2
zo1_Kg
\
	

nXWﬀ_h o
þvgMo1lﬀﬀ h¤Ê.ßl
ﬀo_|
£BXlTﬀ	ngWKz,T
	cKoM
S
Ê.øø

2
?
2
ú é )D-$EB2LE¯®(I-$EB*,5ç*H;Ł-.8#ﬂô7-/)+ﬂG"4;?*,"429(576ﬂ
png/
o|¦ﬀ£g=XWﬀ_h oofo]j
lT
Lzh&g=
\
ocK

X_>ﬀ£gKÐ
\
T	£N	¿
c/ﬀlTﬀpng_+
Xoo+T
oﬀohgMd
_
lTovlTjMﬀtgMlgﬀol
nX£®gM^Q`ﬀ	_
ÐMl
XT|	o
TZbTlﬀj/X£gvl
		
oX_mz,TÖ
T9gMKlTjMXﬀ	oﬀzoTﬀ
∆E
ﬀ
mES
7g{lg_l
{ﬀ£dgM¤ﬀXoj¤X£dg{l
jIvlﬀçgWﬀ>c/$	oc
\
ﬀltLgM{gW
\

X£mg
∆E

mES
_	ozjIoﬀSËÕ~_gUgM
\
	 l
Tj	@Tl
	oz,
Y_YÂITlTbòMyòM  ð¦ﬀ
òIòMIyßMMgﬀ	lg£N	Ł
\
oc/ﬀ:l
jMdÖbﬀdolX

\
ﬀ	_h=zGh{g£BﬀlTŁgXŁguX	|T	
g_Ä:
	
lTowgW
\
fz:ÖbT
Qgf_|WﬀZXwzWﬀlG|	ﬀj
∆E

mES
_	ozMjM_

gﬀoT	nogMÐM
pngKlg_l
tﬀ£«gMvÐMlX
|	oT
\
	T

ÛXgtz,
|_oM|{ﬀ£nÂ 
lT
DòM¢öQ_ﬀo
g>	
jM_{ﬀ£fXY
\
_c/

Xo®+þ
TSc/ﬀh'X_oﬀnÐ{l4
|ﬀ	_
=g.ﬀ&z:T

lToT	
®b]^jM	oM|9g
o|Uﬀ£mg>ﬀﬀ_h _
+Ö@	o
O¦olTojwgM£N_o.ÖŁo|
h
\

 _|Wﬀ,Tﬀ
ÖŁg{
\

	£N
l_h/	Tl
M	jlT
wTlh¤lgWXoS _|Wﬀ,Tﬀ
ÖŁg
ÖŁ	|
\
ﬀ	olTo
doQgf	Tl
M	jlT
¨TlhQlgWﬀo®
B → ρ`ν TT
®ﬀgT	 b → u`ν
TG

B → D`ν TT
 B → D∗`ν TG
nﬀg
	 b → c`ν Tﬀ
TnﬀgM
	 BB¯
TGnﬀ=l
_GjjcàTﬀ
_Kg^ToTlT	¤XHÉX	«csjﬀ=lgWﬀM
_
 þ/gM^
MS Ö
c/ﬀ/	ﬀ¥ﬀÄÈz,TÖ
T>g jMcsz:T	^ﬀ£+£N	

\
ﬀ	Xc/
	d¤z,
	c/_
zhg
ÐM
\
	
\
	oﬀg^Gjcz:T	ﬀ£SÐblX
|ﬀ	oT¥MﬀM=g^l
	,ﬀ£SgMmh 
c/X_l
jMl
T	Xo_

«kW	t¥Xc
\
_ﬀËÖŁgT¡ÖlT_
	
¡g
B → ρ`ν Tﬀ
/Èz:Q
_
\
T
tÐslX
|	h#g{_lT	
\
ﬀlTh9z:ÖbT
çg=z	ﬀMlgo|>£N	ﬀlTo9ﬀ£ng_
lgﬀT7_QgsQ`ﬀ	_=ﬀMQgsﬀljWXZz	ﬀMlgo|K£N	ﬀl_wowgfWXK_Mﬀ
_ﬀOÛ¦

ﬀz_hITc=Xoljl
T	ﬀoh_l
>=lTj_¡z,>l
c
\

XT¡ u¦g
lT		

\
Mo|¨Ð
çXﬀojMQX£
pj
=mOgQﬀgT	vgWﬀS+Ö@Xo&	oTÛÈ|XgM
	Kﬀo
b → u`ν ﬀ b → c`ν TT¤_G&gwXc/{h \ X1pngQﬀ9ﬀ£^g{ÐvÖﬀvgM

oc
\
oÐW
®IX¤g^4o_lﬀ,jlT
	ﬀoh/¤gM^Xﬀojﬀ£
pj
	
Mjl
TSH
.ÖTﬀ
	
Wg
B → ρ`ν z	ﬀlg_|Q£N	ﬀlTo&MolT	 \ ﬀlh¨l
j_¨ﬀz,KlTc \ TX
Èo&gXlﬀﬀ
Xgc/ _ÐlXonŁo
ﬀQ/_QgfgW
\
fﬀ£g
∆E

mES
_	ozjIoﬀQ	
j_

_{suX	|dh 
c/X_lmjlT
	ﬀ_Ghﬀ_l
gmgW
\
ﬀ£ZgMf`X	oo	_zjMo
Öj_w/_|T	z,focKooﬀ	«KggW
\
ﬀ£#gW4to	ozjMoM

Ê.øﬀÚ
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
)2
 
(G
eV
/c
ES
M
5.19
5.2
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
tuYvH>MòMÊöD>
∆E

mES
ﬀ]×zoMo|fj
¤_/gMﬀc/_WﬀMÐ
IpngM^_|WﬀW	
|_@Bo/	TH
_Ël
.ﬀ
	T/zhsßmzo|oM|^£N	c −0.16 < ∆E < 0.2 GeV ﬀ mES > øIﬀÚﬀø GeV/c2 
pngMfTo	Ðd	
|ﬀo{lTﬀ_dòﬀövzoT
)4/c2 (GeV2raw q
0 5 10 15 20 25
continuum
Bother B
ν ul→b
signal
t#uYvH>,òM_Ê.øD>
q˜2
zMo_|tj
Qo{gﬀc/_Wﬀ:ÐMsºglT_ jMjc oÐMITH
=^gM
	lg_l

gWﬀ=ﬀ¨_c
\
XlT&g
\
T	£N	c=ﬀMl
tﬀ£«gtÐ
So
\
X	_l
joﬀ	^g
	ﬀ|X£7gmÐŁ	T|oﬀX{gz__|tlg
@__^gon	
|_SMpngMflgMolT£Nﬀj
mz,b
\
oc/ﬀGoj	Ël
ﬀ_g.ÖŁtotk_|4òMÊö$pngn	X|bX£
mES
Xﬀ	o
#£N	cùøIÊ.ßŁ
ø  ﬀß
GeV/c2
ÖŁgo_gW41ﬀ£
∆E
Xﬀ	o
Ë£N	cùÊ
w
Ê
GeV
ﬀpng
∆E

mES
zoMo|gﬀ
z,
T/lgMTKfzﬀuﬀMl
bgŁ
T+£N	+c/ﬀo X_olXMjlT
	ﬀ_GoT1ﬀvo.ÖU jMcsz:T	
X£DzoTMpng
q˜2
z__|_bgM$ÖŁw_{ko|MIòI_Ê$øﬀ¤gWXz:T
{lgﬀ
ﬀlTl
	o|fsg
	
j_dX£ËtjMhwTlT	oz,
Qo

\\
HòMÊÊ
Ê.ø

2_ü
SEB2È!#AN(M-$EN*:5ç*H;d-.8#ﬂ@%#(M-(
png
BB¯
zWﬀlG|	j¦o_csjoXT>ÖŁ_g¦¬®­®¬®­¯x¢ﬀWﬀ	LÂIeøwﬀMLÂMe1Úw|
M
	ol
B0B¯0
ﬀ
B+B−
Tﬀ
T1png
B0 → pi−`+ν o|ﬀWﬀnﬀ_&lTc/Ts£N	c ¬®­S¬:­¯dx¢
ﬀMWﬀ	QÂIeøsXwÂMe1Ús_csjoX_
\
	 jlToM
 þ<nl
		T
\
sTﬀ
nÖŁ_g{|¥
M
	_l
B
M
lh@>oMsﬀ¨
B0 → pi−`+ν 
l
.h \ 	 jlT
>ÖŁg@gskÁ  pd÷
|ﬀ
T	X	 ½ Â

Á ~gÈﬀgM
	w_ﬀnpng¦l
oGjjc @` ow_csjoXT~ÖŁg ¬®­S¬:­¯dx¢
ﬀMWﬀ	{ÂMe«øIÂIe«ÚﬀwÂMe1ð|ﬀ
T	ol
uu¯/dd¯/ss¯/cc¯
ﬀ
τ+τ−
Tﬀ
Tpng^Gjcz:T	bﬀ£
TG^ﬀ£7Xlgh
\
fow
ﬀlg@ﬀc
\
oﬀ	f|ﬀ_T_ÂI
lHòMI

_®gMfocsjMuX
wTﬀ

X	lﬀ_
mgﬀI	
ﬀWﬀlTWX^ojcKoMh$pngThsﬀ	ﬀo^l
ﬀ		TlT
tÖŁ_gs
	ﬀ
Ö
_|gnÖŁglT
	ﬀZl
ﬀMÐW|j	X_wonTlT	oz,
QoÂITlT
HòM ø  I

2_ü"2Bë
 w
ﬂ>*H;Ł-$8#ﬂ@EB2È!#AN(M-$EN*:5OEB5U-$8#E[s(W5D(WAqDEB
png/ﬀGK`ﬀ	_¤_csjoX_
\
ohIX&

oﬀË	os_@gMoﬀWX_h _
,þ<omj

wzMXo>gM
∆E

mES
gMo|	ﬀc/jTLﬀmÐMfe«]^kHTSgvo|WXTÇKlTo
MlTh¨ﬀMÈg
o|ﬀ
q2
jMM£NoMo|mc/X	:4þ<1o1ﬀ_j
vzIﬀ_sg
q˜2
gW
\
nﬀ£,gnzWXl |ﬀ	jMS

oGﬀ£WÖŁg_lgvﬀ	
T
tﬀWﬀh

gb	ﬀIWXmﬀs¥ 	XlT+jM	7ÐWWXIcKﬀj	Tc/T
XŁÖ
_ZﬀngM
o	nh Tc=4oljMl

	ﬀ_oTniGjﬀT@_@Â 
lT
HòMIyöM
þf_Sl
TG	ﬀlTMÐW|ﬀj	Xo®
g+gMo|	ﬀc/®zMXoTm£N	c×g+£Nj_>`¨ocjuXo
X	nﬀ_jTv|
M
	4p=j~WXmﬀc
\
oT
4pngnp=kjYWXmﬀc
\
oT7Ö
	ŁXWﬀ_h



XÖvÖbjMo¨gK	
ﬀ+WX{Toc/XsgKXﬀ_jtﬀ£gvX_olX+ﬀÈh 
c/X_l
jMl
T	Xo_
nN
l
	oz,
s_tÂITlTﬀòMI_Ê.$pngoﬀo_.ÖbT^
\
_c/

1T	ﬀ
\
ﬀ	Xc/
	
X£gwﬀWﬀh ojlg¡ﬀsgwlTjMtXﬀojT
gwGjcsz,
	tﬀ£
q˜2
z_
7g{	ﬀ|TKX£g
∆E

mES
ÐK	
|_Oﬀçg
∆E

mES
ﬀ
q˜2
z_oM|7ÖŁg_o{X

\
o|ÈgQﬀWX_h _
zMooML>gMQ	ﬀbWXIpngwp=kj W4>Xc
\
_
sÖ
	Xo&jM
ç¨T	cKo¤g
h Tc=4oljlT
	ﬀoh/l
cKoM|f£N	càﬀ£D
\
ﬀTuX,zMuﬀ«ﬀ£ZgMÐ
xMlT
	ﬀ:Xﬀ_j
«ﬀ£
g B(B0 → pi−`+ν) X f+(q2) g \  \ X	ﬀcKT
	THﬀŁ
l
	oz,
QoÂI
lHòMyÚM¢ö
=mlTQglTjM=ﬀOﬀgM
	/ﬀWﬀhIo
\
ﬀ	ﬀcKTT	Kﬀ	
oTlT
S+Ö
\

	£Nﬀ	cK
çﬀ$
	ojMŁ]mXÉ>`Yl
c
\
ﬀ	oﬀn
l
	oz,
QoQÂITlT,òMyðMÊmv
Mj	fgWXngMX|	T
cK

z,TÖ
T@gMmÖb/on	
ﬀﬀWﬀz_ﬀ
Ê.øﬀð

2_ü"2
ú Ô *H"4"$ﬂ 6ﬀ-$EN*,57s()#)7A[ENﬂ %U-.*¦-.8#ﬂ@ﬁ Ô E[2¨!#AB(I-$EB*,5
Õ~g_o«¬®­®¬®­¯x¢>`¦_csjoX_oDzWﬀ
sﬀc/ﬀh
\
ﬀ	ﬀc/T	DgWX7ﬀ	Mﬀ7ﬀoÖ
_
G.ÖŁS,j	ŁG.ÖŁoT|ﬀ£ËTT	ﬀ#ﬀ£7gT
\
ﬀ	ﬀcKT
	dgﬀ_c
\
	.TolTfgﬀ	
X£Zg	o|_Wﬀ,ÂMe«øÉXÚv>`
\
	 jloﬀS Õ¦j^g_G.ÖŁoT|zh=	TÖ
_|goM|sgT
\
ﬀ	ﬀcKT
	fQg
_	cKf	
l
TXﬀojM
f	zh¦
\\
_h o|wlT		
lToM_Èg/£N	cõﬀ£
	ﬀlG«	1
jI	Xo+Go_ooM|ÂÇÑTpngMlT
	ﬀWﬀXojT+ﬀ£SjM	1ÐWﬀW	Tj«ﬀ	dﬀzMﬀ_
tÖŁg
g£Njoh¤l
ﬀ		TlT
&ﬀMcKdj
\
KWXs>`ØocsjMuXoS TﬀT@gM
	
X£ºT	^Xdg
Ål
TG	ﬀl
MÐ|j	4oﬀIÆHpngv	Tc=Xo_|/jMl
T	Xo_
ogtocsjoX_
\
ﬀ	Xc/
	
X	mXﬀ
oKﬀlTl
jMGŁÖŁgT@T_c=4oM|ghITc=XoljlT
	ﬀ_GoTf?ÂITlT,òMyÚ¥
pngfl
ﬀ		TlToŁ
\\
o_
{tg>`×ocsjoX_{ﬀ	o_Twz:To.Ö

2_ü"2
ú
2Bë
Ò
"4(576487EB5DFLæZ"$(W6ﬀ-$EN*:5#
kW	ﬀlgçlXoX¤_Û>_csjoXT
BB¯
NolToj_|@o|ﬀTG¥1Ö{MﬀcKoM
gd|
T	X	<o
W_M£N	c=XosfÐ=jI«gŁ	jMTlh bﬀ£:g
Υ (4S)
ﬀ£:gŁÖb
B
ﬀﬀ£
\
ﬀ
oﬀ
D
c/TM
:ÂIoMl
gÂMe«øÉﬀÚvz	XlgoM|K£N	ﬀlTonX£ËjMlg>
l
hI
MKMﬀﬀ_ÖbhIŁlT		

\
wtgc/Ł	Tl

dXﬀojXMÖ
\M\
_h¤tÖ
_|gŁtgTc 
wBF = wΥ (4S) × wB1 × wB2 × wD [òIò
ÖŁgM
	
wΥ (4S)

wB1

wB2
X
wD
ﬀ	ﬀo:TÐ
ooX
w ≡ most recent BF
SP5/6 BF
p#
\
	T
	
gXﬀ_jﬀ£gﬀX
B → X z	XlgoM|=£N	ﬀl_ÖŁgT&gszM	ﬀlgMo|=£N	ﬀlToMﬀ£
cKﬀ£nTlh mﬀ	c/ ÐW
SIg	Tc=Xo_|sTlh ^ﬀ	|_ﬀ
QvÖ
_|g
wremaining =
1− (new sum of the modified BFs)
1− (original sum of the BFs at the numerator) .
[òIòMÊ.
pngMﬀc/
\
	IlT
jM	«oD
\\
ooT
\
	T
	«g+Xﬀ
Υ (4S)
ﬀ
D
cK

x.zM	ﬀlgMo|
£N	ﬀlTo®

oDgszM	ﬀlgMo|¤£N	ﬀlTodgW4ﬀ	c/ ÐW
>_@gM
\
	TTGﬀﬀ_h _mﬀ	
.pöqØåþÜéÕXÖæ×Ø|åÔæ÷|åôãÇåþhÔWåÔ	êìêG
-|ÜÚÚÅÜØï+IHìÔ	èØhÕåþ)èå¶è©íîê¯èÖåÜ×Ø¥×¾íñåþÔﬂÕÜÅìÛÚè¾åÔôÝßåê¯èÖF-MÕ<è¾Ø)Ý8¢×ÙêcØÔæÛMåêèÚÕ
Öæè¾Ø)ÝMÜÝhèåÔôÕGè¾êÔTØ×å^Ö×Ø)ÕÜéÝMÔæêÔ	ÝUÜØ%åþÔè¾ØhèÚÅëMÕÜÕå×Ö×êêÔ	ÖÇå(íî×Ùê(åþhÔTífèÖåGåþhè¾åGåþhÔÝMÔåÔ	ÖåÜ×Ø%Ô ÖÜÔæØ)Öë
ÜÕ^þÜÅïÙþÔæê^ÜÅØ%åþÔà± ÕÜìÛhÚè¾åÜ×Ø%åþ)è¾Ø%ÜÅØDÝhèåèhû)õ©þÔÖ	è¾ØhÝÜÝè¾åÔôÕ©åþhè¾åè¾êÔTØ×åÖ×ÙØhÕÜéÝMÔ	êÔôÝ4èêÔÖ¯þ×|ÕÔ	Ø
êèØhÝM×ìÚëû
Ê.øﬀß
_o
w_{pﬀzMofòMyßM

2_ü"2
ú
2
ú æD*H"42 ;<(W6ﬀ-.*H"4
=mj	dG.ÖŁo
M|ﬀ£g
B0 → pi−`+ν  B → ρ`ν  B → D`ν ﬀM B → D∗`ν £N	c
£BXlTﬀ	gﬀ_c
\
	.TL_l
Kg/	_|oWX1ÂMe«øÉﬀÚ@>`
\
	 jloﬀSZÕ9=ﬀ	Kj_|@g
£Nﬀ	cﬃ£BﬀlT		TÖ
_|goM|
\
	IlT
j	Tl
	oz,
t_tñd£¿<½ Â

ÁmlgWX|bg
b£N	cﬃ£Bﬀl	
tgTo	ncKŁ	
l
TXﬀ_j
ÖŁgjIŁ	jMo|tgM£NjMoSocsjoX_{ﬀ|ﬀoS
pngXﬀojM
nj
>X	t
>
B0 → pi−`+ν  α = 0.53 g¨l

	ﬀXﬀoj&X£sj	 \ 	
_ocKoWﬀ	h¡	
j_ ½À¿  ÌÁ
j_|g«bTl
_	T _l¿§ﬀ_Wﬀ_$
f+(q
2) \
ﬀ	ﬀcKT	

X_:½ ÌÇÂÁ_oM
ﬀﬀ£ g+þÂ

Õ 
i jﬀ	¤cK 
½ ËæÎÁ,jT@oQÂIeøﬀÉﬀÚ=@`Bm
>
B → ρ`ν gMoXTbÁD_|gb`b^ÂIjc ñdjMo
«lXol
jMuXotzh/ﬀ_¬Ù :ÖŁolh ½À¿ÂÇÌÁ
oXQX£7gþÂ

Õ tiGjWﬀ	¤c/ T½ ËæÎÁ,j
QoÂMe«øÉﬀÚ/>` m
>
B → D`ν  ρ2 = 1.17 bgÈÕ¦	o  ﬀ
	X|ÈXﬀ_j¨ﬀ£g ρ2 \ ﬀ	Xc/
	¾½ ÄÇÑÁ
j_|@gMQ`
\
	_?7ÁZ
_ojlg®ªd
jz,
	?`ÁDªm
\
ﬀ	ﬀcKT	

Xo:½À¿ÂÇÍÁËo
ﬀLﬀ£
gþÂ

Õ si jﬀ	¤cK 
½ ËæÎÁ,jT@oÂMe«øÉXÚ/@`Bm
>
B → D∗`ν  R1 = 1.40  R2 = 0.87 ﬀ ρ2 = 0.79 +gQl
TG	ﬀŁXﬀojM
½ ÏÇÏÁ
c/
ﬀj	
¨zh¨¬®­®¬®­¯ jo|wÈNÖÊ$^
\
X_&wo_ﬀ		M
	
®oXÈX£g
ÂMe«øÉﬀÚK>`~Xﬀ_j

R1 = 1.18

R2 = 0.72
ﬀ
ρ2 = 0.92


2_ü"2
ú
2
 ã
*,5

"$ﬂ 
*,5#(W5,-
b→ u`ν %#ﬂ 6(cD
pngfTl
	
\
oQﬀ£7I<	TWXG
B → Xu`ν Tlh ^gWXd_c \ 	.TolTgf	Î
|ﬀoWﬀ:ÂMe«øÉXÚs>`
\
	IjMlT_SGþX{ﬀ£SgMmocK
oﬀ
mXu
\
	zWﬀzMoohs£Njl¥
o{jM
oÂMe«øÉﬀÚIMÖbfjgX<lﬀ_oT/Åæ
dh z	o>`«Æg	TMocK
oWX:Ö
o|ﬀgG
w(mXu, q
2, E`)
ÖŁgT	
E`
_+c/
ﬀjM	
v_sg
Υ (4S)
£N	ﬀcKh½À¿ÂÎÁuﬀÕ9Ł
\\
_hsml
		TlT_
vj	>`×ocsjMuXoKKz:TTÐŁ£N	cÜgoŁoc
\
	$ﬀ
cK

wHybrid =
3 dimensional Hybrid MC weights
1 dimensional SP5/6 probability
[òIòﬀ
=mj	l

	ﬀ 
dh z	oÛ@`ùÖbTo|gﬀ	KlXol
jMuX
9zﬀTL¦g¤bk×XﬀojM
f|_ﬀ

ÊÚ
	ﬀlgMo|/kW	ﬀloﬀ ÂMe«øÉﬀÚ jM	nl

	ﬀZXﬀojM jMl

	ﬀ_h
B(Υ (4S) → B0B¯0) Møﬀﬀ M øX ± Myðﬀ
B(Υ (4S) → B+B¯−) Møﬀﬀ M øX ± Myðﬀ
B(B0 → D`ν) I Ê. MyﬀX ± MyMÊ$øX
B(B0 → D∗`ν) MyøﬀÚﬀ Myøﬀﬀ w MﬀøﬀòÉ$MyMÊ$ﬀ
B(B0 → D∗∗`ν) MyMÊ$øX Myﬀòﬀ w MIÊ$ﬀÉ$MyMÊ.ÚÚ
B(B0 → non− res c`ν) MyMÊ$ﬀﬀ IXöÊ. ± MﬀﬀöÊ.
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B(B0 → pi`ν) IﬀMÊ.ð MyMÊòò ± My
B(B0 → ρ`ν) IﬀﬀÚ MyXÚß ± Myﬀ
B(B0 → other −Xu`ν) Myﬀßø Myﬀ w MyﬀßøÉ$¿I
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q2 Ï*ÐÒÑ·Ó
Ô
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØÖ ØÖi×ÙØØ ØØi×ÙØÛ0ß Ú
Öi×ÙØ Øà(á0ßÁà ×Àà(Ö0ßâ á0Ýßá ÝÞá0ßÜ ÝÞÜ0ßÛ ÝÞâ0ßá ÝÞá0ß Ú ×ÙÜ0ßÜ ×Ùá0ßÁà ×=ÝÞÖ0ßÒÝ ×ÙÛ0ßØ Ýßã
Øi×}Ú ×Àà(Ö0ßâ Øà(Ø0ßÛ ×Àà(Ü0ßÒÝ ØÛ0ßÁà ã0ßã â0ßá ×=ÝßÜ ×ÙÜ0ßØ Ú·ßØ ÝÝßÜ ×Ùã0ßÒÝ ×=Ýà5ßÖ
Ú(×ÙÛ á0Ýßá ×Àà(Ü0ßÒÝ Øà5ÝßÛ ×ÙÜØ0ßØ Ûà5ßÜ Ú·ßã àiÚ·ßØ ×Ùá0ÝßÖ ×ÙÛ0ß Ú ×ÙØ0ßÖ ×Àà5ßÜ â0ßØ
Ûi×ÙÜ ÝÞá0ßÜ ØÛ0ßÁà ×ÙÜØ0ßØ Øãà5ßÛ ×ÙãÖ0ßÖ Û0ÝßÛ ÝÞÜ0ßÛ ÝÞÖ0ßØ ÝdÚ·ßÜ â0ßã ×Ùâ0ßØ ×}Ú·ßÒÝ
Üi×=ÝÞÖ ÝÞÜ0ßÛ ã0ßã Ûà5ßÜ ×ÙãÖ0ßÖ áãØ0ßÜ ×ÙÛà5ßÁà à(ã0ßã ×ÙØØ0ßâ â0ßâ ×ÙÜ0ßâ ×ÙØá0ßÁà ×=ÝÝßÛ
ÝÞÖi×=ÝÞØ ÝÞâ0ßá â0ßá Ú·ßã Û0ÝßÛ ×ÙÛà5ßÁà áà(Û0ßÜ ÝßØ ×=ÝdÚ·ßâ ×Ùã0ßØ ã0ßÛ ×Ùã0ßã ×ÙØâ0ßÁà
ÝÞØi×=ÝdÚ ÝÞá0ß Ú ×=ÝßÜ àiÚ·ßØ ÝÞÜ0ßÛ à(ã0ßã ÝßØ ÚÆâã0ßÖ ×=ÝÝÞÜ0ßã à5ßâ Ø0ßÁà ×Ùá0ßØ ×=ÝÝßÁà
ÝdÚ(×=ÝÞÛ ×ÙÜ0ßÜ ×ÙÜ0ßØ ×Ùá0ÝßÖ ÝÞÖ0ßØ ×ÙØØ0ßâ ×=ÝdÚ·ßâ ×=ÝÝÞÜ0ßã ÚÆØà5ßÖ ÚÆÖ0ßÖ ÝÞÖâ0ßá ×Ùã0ßã ÝÞá0ßÁà
ÝÞÛi×=ÝÞÜ ×Ùá0ßÁà Ú·ßØ ×ÙÛ0ß Ú ÝdÚ·ßÜ â0ßâ ×Ùã0ßØ à5ßâ ÚÆÖ0ßÖ ÚÆÛà5ßá ÚÆØ0ßØ ×=ÝÝßâ ÝÞâ0ßÖ
ÝÞÜi×ÙØÖ ×=ÝÞÖ0ßÒÝ ÝÝßÜ ×ÙØ0ßÖ â0ßã ×ÙÜ0ßâ ã0ßÛ Ø0ßÁà ÝÞÖâ0ßá ÚÆØ0ßØ âãà5ßØ ×=ÝÝdÚ·ßÖ ×ÙâÜ0ßÛ
ØÖi×ÙØØ ×ÙÛ0ßØ ×Ùã0ßÒÝ ×Àà5ßÜ ×Ùâ0ßØ ×ÙØá0ßÁà ×Ùã0ßã ×Ùá0ßØ ×Ùã0ßã ×=ÝÝßâ ×=ÝÝdÚ·ßÖ â0ÝÞÛ0ßÜ ÝÝßã
ØØi×ÙØÛ0ß Ú Ýßã ×=Ýà5ßÖ â0ßØ ×}Ú·ßÒÝ ×=ÝÝßÛ ×ÙØâ0ßÁà ×=ÝÝßÁà ÝÞá0ßÁà ÝÞâ0ßÖ ×ÙâÜ0ßÛ ÝÝßã ââã0ßÖ
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q2 Ï*ÐÒÑ·Ó
Ô
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØÖ ØÖi×ÙØØ ØØi×ÙØÛ0ß Ú
Öi×ÙØ Ü0ÝÞØ0ßã âà5ßâ ÝÞáâ0ßÒÝ ÛEÚ·ßÜ á0ßã ÝdÚÆØ0ßá ÝÞØá0ßá ÝÞÖâ0ßâ Ûâ0ßã ÜÜ0ßá âá0ß Ú ×ÙÜ0ß Ú
Øi×}Ú âà5ßâ ÛEÚ·ßâ ÚÚ·ßá Û0ßÛ ×Ùã0ßÜ ÝÞâ0ßÁà ÝÞØ0ßá Ýà5ßÖ áØ0ßÁà ÝÞá0ßØ Øã0ßá âØ0ßÁà
Ú(×ÙÛ ÝÞáâ0ßÒÝ ÚÚ·ßá ÝÝÞÛ0ßÖ âÜ0ßã ÚÆá0ßÁà à(Ø0ßâ ØÛ0ßÖ à(Ü0ß Ú ÚÆÛ0ßØ Øã0ßÁà ÝdÚ·ßÜ Ýà5ßâ
Ûi×ÙÜ ÛEÚ·ßÜ Û0ßÛ âÜ0ßã ÜØ0ßâ ÛEÚ·ßÜ Û0Ýßâ ØÛ0ßØ àiÚ·ßÖ ÝÞÜ0ßÖ áá0ßá â0ßã ÝdÚ·ßØ
Üi×=ÝÞÖ á0ßã ×Ùã0ßÜ ÚÆá0ßÁà ÛEÚ·ßÜ ÝdÚÚ·ßØ áEÚ·ßÜ ÚÆÜ0ßÒÝ ÛØ0ßâ ÝÞÜ0ßØ Øâ0ßâ Øã0ßÛ Ýßá
ÝÞÖi×=ÝÞØ ÝdÚÆØ0ßá ÝÞâ0ßÁà à(Ø0ßâ Û0Ýßâ áEÚ·ßÜ ãâ0ßÛ ÚÆâ0ßâ à(á0ßØ Øà5ßÖ ÚÆâ0ßâ ×=Ýßâ ×Ùâ0ßÁà
ÝÞØi×=ÝdÚ ÝÞØá0ßá ÝÞØ0ßá ØÛ0ßÖ ØÛ0ßØ ÚÆÜ0ßÒÝ ÚÆâ0ßâ ÝÝÞâ0ßÒÝ ÝÞÖ0ßÖ á0Ýßâ ÚÆâ0ßâ ÝÞÜ0ßÒÝ ×ÙØÜ0ßÁà
ÝdÚ(×=ÝÞÛ ÝÞÖâ0ßâ Ýà5ßÖ à(Ü0ß Ú àiÚ·ßÖ ÛØ0ßâ à(á0ßØ ÝÞÖ0ßÖ ÝÞØÛ0ßâ ÝdÚ·ßÁà áÜ0ßã áØ0ßÜ ÝßØ
ÝÞÛi×=ÝÞÜ Ûâ0ßã áØ0ßÁà ÚÆÛ0ßØ ÝÞÜ0ßÖ ÝÞÜ0ßØ Øà5ßÖ á0Ýßâ ÝdÚ·ßÁà Ûà5ßØ áEÚ·ßÁà áÜ0ßÖ á0ÝßÜ
ÝÞÜi×ÙØÖ ÜÜ0ßá ÝÞá0ßØ Øã0ßÁà áá0ßá Øâ0ßâ ÚÆâ0ßâ ÚÆâ0ßâ áÜ0ßã áEÚ·ßÁà ÝÞÖà5ßÁà ÝßÒÝ áÛ0ßÛ
ØÖi×ÙØØ âá0ß Ú Øã0ßá ÝdÚ·ßÜ â0ßã Øã0ßÛ ×=Ýßâ ÝÞÜ0ßÒÝ áØ0ßÜ áÜ0ßÖ ÝßÒÝ ØÜã0ß Ú âEÚ·ß Ú
ØØi×ÙØÛ0ß Ú ×ÙÜ0ß Ú âØ0ßÁà Ýà5ßâ ÝdÚ·ßØ Ýßá ×Ùâ0ßÁà ×ÙØÜ0ßÁà ÝßØ á0ÝßÜ áÛ0ßÛ âEÚ·ß Ú áãà5ßá
p@/0/
Ç<ÈÂÉÊN+-
& 
1
α >5J9K δ M`>@fd>5ghLi8;LEf@>5Fc9LE:U>@J9K9J9DELifC8d>5ABJ*8dAcLE:U30j8?>5AcJ9LEK¢4}fC30g >I698P3548;a9L
K,A
	kLEf;LiJ*8dAu>@F\K,LED(>(Glfd>@8;L4}30fCgI9Fu>8d38da9LIM9>5fC8;Au>5F ∆B(B0 → pi−`+ν, q2) :;MNLED8df;,g bAH8da
8;a9Lb4}30f;g 4½>5D8d30f f+(q
2) K9LE:CDEf;AcjkLiKbAH8da§8da9L¬ÃPÄ α [>5J9K
¸
ABFcF α
©
δ »M`>5f;>5ghLi8dfCAB£E>@8dAc30J9:
-
OUa,L³e5LEJ9Lifd>@8;LEKn@>5Fc9LE:P¼LEfCL α = 0.61 >5J9K δ = 0
-
α ÙÃPÄ α 
¸
ABFBF δ 
¸
AcFBF
6,8;8dLiK f+(q
2) M`>5f;>5ghLi8dLif
/,-
 
+0/ /,-
 @Ë
/

/,-.+
)5'
:C8d>@8dAc:C8;ABD(>@F7LEfCf;30f
/,-./
¯5 
/,-q/
'5Ë
/-
'0 

8dfCµ¢L	
/,-./
&0&
/,-q/
&
p /-
&)

γ L	
/-q/
&
/ /,-./
&0&
/,-
&( 

K0
L
L	
/,-./0/0+ /,-q/5/
Ë
/-
&
/
¯
J9Li,8dfC30JlL	 
/,-./0/
'

/,-./0/
)
/-q/
)5)
^[ª
X
/,-./0/0+ /,-q/5/0 /-q+
 @Ë
Di30J*8dAcJº,9g GºABLEFcK
/,-./0/
)
/,-q/5/
'
/-
Ë0Ë
+
DE30J*8dAcJ·99g q˜2
/,-./*p
Ë
/,-q/0p5
&
-
&'
+
DE30J*8dAcJ·99g mES
/,-./0/*p /,-q/5/0+ /-q/
)
p
DE35J·8;ABJ·99g ∆E
/,-./0/
Ë
/,-q/5/
)
/-äp5
Ë
b→ u`ν Ã_ /,-q/ &) /,-./*p & /,-qp0p5+
m,_M`>5f;>5g
/,-./
&(Ë
/,-q/0p5/ /-q+0+5+
B → ρ`ν Z & −1σ  /,-q/5/ '  /,-./0/ ) /,-./ )5 
B → ρ`ν Z p −1σ /,-./ & + /,-./ & p /,-./0/ '
B → ρ`ν  −1σ /,-./0/*p /,-./0/*p /,-./ & /
B0 → pi−`+ν _»_ /,-./ & p /,-q/ & p /- &(Ë*¯
D → K0L Ã_
/,-./0/0+ /,-q/5/
'
/-q+
 
+
b→ c`ν ÃP_ /,-q/5/   /,-./0/0 /,-.+ )&
B → D∗`ν _»_ /-q/0/ ¯ /,-./0/ Ë /,- &( 0 
B → D`ν _Â_  /-q/0/   /,-./0/0/ /,-.+ &'
Υ (4S) → B0B¯0 Ã_ /,-./0/*p /,-q/5/*p /-q/ ¯ /
8d358d>5F7:CGº:=8¬Lif;f;35f
/,-./
Ë0Ë
/,-q/
¯
p
&
-
¯
5+
8d358d>5F7LEfCf;30f
/,-./
)&
/,-
&
/
) &
-q
¯5¯
p@/
&
)4/c2 (GeV2Unfolded q
0 5 10 15 20 25
4
/c2
) / 
2 G
eV
2
B
(q
∆
0
2
4
6
8
10
12
14
16
18
-610×
 0.02± 0.05 ± = 0.59 α
ISGW2
LCSR
FNAL
HPQCD
BK Fit to DATA
DATA
UÊó+,-.+
&
1
X¬A	óLif;LEJ*8;Au>5FwK9LiD(>(Gfd>Æ8dL¨4}30f;gI,Fu>ﬀﬂﬁ
-N+,-
&
p
698;8;LEKn8;3h8;a9L³M`>5fC8;Au>5F ∆B(q2)
:CMkLiDi8;f;9g
-
OUa9L¦K9>@8?>IMN30ABJ*8;:PDE30fCf;Li:;MN30J9K9:P8;3I8da9L ∆B(q2) @>5FB9Li:P30j,8d>5ABJ,LEK¹4}fC30g 3@435J9L
3@4<8;a9LI698;:2K9LE:CDEfCABjNLEK¶ABJ´mLiDi8
-w+,-
)
-
&
-äp©
:;LiFBLED8dLiK>Æ8¦fd>5J,K930g
-
OUa9L:Cg¹>5FcFBLif«9J,DELEf=8?>5AcJ*8G
j9>5f;:Â>5f;L¼:C8?>Æ8dAB:=8dAcD(>5F·30J9FHG³>5J9K¡8;a9LFB>5f;e5LEf\9J9DELifC8d>5ABJ*8Gj`>5f;:Â>5f;L¼:C8d>@8dAc:C8dAcD(>5FﬃY:=G:=8dLig¹>@8;ABD
-
ª
Jn8da9Ac:«M`>@fC8dAcDE9FB>5fbLÌLEghM9FcL
©
>h698¬354»8da,LIÃPÄ M`>@fd>5ghLi8;f;AB£E>@8dAc30JGºABLEFcK9:! αBK = 0.59±
0.05 ± 0.02 - OUa,Le0LiJ9LEf;>@8dLiKÅ@>5Fc9LE:¢>5: α = 0.61 - OUa9L´K`>@8d>>@f;L¶>5Fc:;3DE30ghM`>5fCLEK
8;3n,J"ﬁ·9LEJ9D?a,LEK$#&%¨VPX DE>5FBDi9Fu>@8;AB30J,:('
å*),+.-0/21
©
#\VUm43 D(>@FBDE,Fu>@8;AB30J9:'
å*521
©
>5J9K¶8da9L
ª
m9²76
p
ﬁ·`>@f;µ¢gh3K,LEF
'
å98ﬀ1
-
p@/*p
r7sutkscr :

<;0
&=
n 
¢

?>P
|
´
º~
=&>
|~(@A
>
{
`\">CB
~E{Ù~
6ÎAH8da f;L(>@F2K`>@8d>
©
8da9Lif;L´AB:30J,FcGY35J9L¶K`>@8?>@:;Li8
-
OUa9LM,f;3ºDELEK,9f;L¶AB:8;a9LEJ f;LiFu>@8;Ac0LiFcG
:CABghM9FBLD Â8da,L K9>@8?>5:CLi8§Ac:>5J`>5FHGº£ELEK9:CABJ9e¥8;a9LgL8da93ºKK9LE:CDEfCABjNLEKABJmLiDi8
-+,-q+
8;3
+,-
 
-
OUa,L30J9FcGnDE35gM9FcABDE>@8dAc30J8d3¢8da,AB:2M9fC3DiLEK9,f;LDE35J9DELif;J9:¦8da,LIMk35:;:;Acj9ABFcAc8G8;a`>@828;a9LIghL(>5:C
fCLEK¥@>5FB,LE:2jNLI:CGº:=8dLEg>@8;ABD(>@FBFcG j9AB>5:;LiK¥jkLiD(>5,:;L354¼>¢M9fC30j9FBLig 3@4<8;a9L>5J9>5FcGº:;Ac:2ghLi8da,3K
-
OUa,AB:¡L0LiJ·8;`>5FcAc8GD(>5J9J,358IjNL¹:=8d9K9AcLEK±bAH8da¤35J9FcG¶30J,L¢K`>@8d>5:;L8
©
j9,8IAH8¡DE>5J¤jNL¢:C8;9K9AcLEK
bAH8danORQUS TWV :;>5ghM9FBLi:
-
Z¬:¬:Ca93bJ¥ABJWmLED8
-k+,-
 
-
Ë
©
¼L¡MNLEfC4}35f;ghLEKW:C9D?a¶>:=8d9K,G 8da9>@8
K,LEgh30J9:C8;fd>@8;LE:U8da9>@8U8da9Lif;L³AB:UJ93§:CABe0J9AH6`D(>@J·8bj,Au>5:UAcJ 359fb>5J`>5FHGº:;AB:
-
Q2J8;a9Ll3@8da9Lifa`>@J9K
©
bAc8;a8da,LnLÞÌ,DiLEM,8;AB30J­3542LE>5f;FHGX2>@8?>FE0TWV Di30gM9>5f;Ac:;30J9:
©
8da9Ac:
>@J`>5FcGº:CAB:a`>5:jkLiLEJIµ@LEM,8[Di30ghM9FBL8dLEFHG¦j9FcABJ9K¨8d3R8da9L<:;Ace0J`>5F·Li5LEJ*8d:Â35498da,Lf;LE>5F·30J f;LE:C30J`>5J,DEL
K9>@8?>l,J·8;ABF8da9LLEJ*8dAcf;L¹>5J`>5FHG:CAB:gL8da93ºK>5:>5M,M9f;30LiKj·G´8da,L¢LÌº8dLif;J`>@Ff;LºABLi¼LEfC:I354
8;a9LHGJIJGJILK mLigAcFBLEM8d30J9AcD¡Z«J`>5FcGº:CAB:7630f;µ·ABJ,e ²¨fC309M
-
6LI4}30FcFB3LiKW8da9Ac:¦M9f;3ºDELiK99fCLhAcJ
35f;K9LifP8d3§M9f;L0LiJ·8«309fUghL(>@:;9fCLEghLEJ*8b354\jkLiABJ9e§j9AB>5:;:CLEK8d3>5f;K,:«>@J·G¢M9f;L4}LEf;fCLEK@>5FB9L¬30f
>@DEDEAcK9LEJ*8d>5FwFB3¼LEfNM`9D8d`>Æ8dAB35J 3@4»Ac8;:U9J9DiLEfC8d>5ABJ*8;ABLE:
-
_ÂAcJ`>5FcFcG
©
>@:PM9f;Li:;LiJ·8;LEK ABJmºLEDi8
-`+,-
)
-
&
>5J9K
+,-
)
-qp©
8da9L2LiJ*8dABfCL¦>5J`>@FcGº:;Ac:¼>5:UMkLifC4}30fCgLiK
35J:CABgI9FB>@8dLiK:d>5ghM9FcLE:I8dfCL(>@8;LEKFBAcµ5Lf;LE>5FUK`>@8d>
-»ª
JK930AcJ9e¶:;3
©
¼Lg¹>5K,Lf;L(>@FBAB:=8dAcD¢M9f;LÞ
K,ABDi8;AB30J,:¡354U8;a9Lf;Li:;9FH8d:>5J,K354U8da9LiABfILÞÌMkLiDi8dLiKM9f;LiDEAB:CAB30JAcJ±8da,AB:I>@J`>5FcGº:CAB:
-
Z«4 8;LEf¡8;a9L
,Jºj,FBABJ,K9ABJ9e
©
Ac8Â8d9fCJ9LEKh30,8[8;a`>@8[¼LR35j,8?>5AcJ9LEK§fCLE:;,Fc8d:»5LEf=G§:;ABghABFB>5f8d3¦8da9Li:;LbM9fCLEK9AcDi8dAc30J9:
-
OUa,AB:<AB:J9358<30J9FHGI8dfC9LR354ó8;a9L«DiLEJ*8df;>5Fo5>@FB9Li:
©
j9,8>5Fc:;3³354ó8;a9L«fCLEFB>@8dAH0LbLEfCf;30f:;Ac£ELi:P>5J9Kh354
8;a9L³DE3@>5f;AB>5J9DEL³g>@8dfCABDELi:
-
V30J,:;ABK,LEf;AcJ9e¹359f«j,FBABJ,Kn>@J`>5FcGº:CAB:bM9f;3ºDELiK99fCL
©
8da9Ac:«e0AH0Li:«L0LEJ
gh30fCL¦DE30J,69K9LEJ9DiL³8;a`>@8b30,fRM,f;LEDiAB:CL³fCLE:C9Fc8;:«>@f;L¨ABJ9K,LELEKDi30f;fCLEDi8
-
r7sutksyx O¢º~
=&>
|~
9P=\
;0

|

{

|{}º~IQA\|

{



{


?>\
|

ZR4 8dLEf¼e0AcºAcJ9e8;a9L¬f;>®6,8PM`>5f;>5ghLi8dLif;:>5J9K¢:CABe0J`>@FNGºABLiFBK9:<ABJmLED8
-+,-
)
-
Ë
-
&
©
8da9LR@>5FB9Li:
3@48;a9L¨M`>5fC8;Au>5F7>5J9K8d358d>5FwÃP_`:R>5f;L¦e5Ac0LiJnAcJnmLED8
-N+,-
)
-
Ë
-äp-,ª
JWmLiDi8
-k+-
)
-
Ë
-.+,©
8;a9L ∆B(q2)
K,AB:C8;f;Acj9,8dAc30JAB:[K,AB:;M,Fu>(G0LiKAcJ_ABe
-*+-q+
Ë
©
8d30e5Li8da,LEf[bAc8;a§8;a9LRf;LE:C9Fc83@4w>5J f+(q
2) :;a`>5MNLb698
,:;ABJ,e8;a9LhÃPÄ M9>5fd>5ghLi8;f;Ac£(>@8;AB30J 4}f;30g ba9ABD?a¶Lh>5Fc:;330j8?>5AcJ¶8;a9LI@>5FB,L354 |Vubf+(0)| -
Q29f<ghL(>5:C9f;LiK ∆B(q2) K9AB:=8dfCABj9,8;AB30J§Ac:¼>@FB:;3³DE35gM`>@f;LEK§bAc8;a8;a9LE30fCLi8;ABD(>@F`M9f;LiK9ABD8dAB35J9:¼AcJ
mºLEDi8
-o+,-
)
-
Ë
-
Ë
-
_ÂABJ`>@FBFcG
©
¼L³LÌº8df;>5Di8b@>5FB,LE:U354 |Vub| ABJnmLiDi8 -o+- ) - Ë - ¯ -
p@/0+
r7sutksyx\sSR TVU7|

;5|{}

o
ÆLW
~({SX
?>YB
{}
>Ù
~{
 q˜2
A{

~
ZR4 8dLEf2>5FBFw8da,LI>5J`>@FcGº:;Ac:¬:;LiFBLiDi8dAc30J9:
©
30,f¬J930ghABJ9>5F769828;38da,LIf;LE>5FK9>@8?>GºAcLEFBK,:2>8;358?>5F
3@4Z 5072±251 :;ABe5J`>5F·Li5LEJ*8d: © 9867±564 b→ u`ν j`>5D?µ·e0fC309J9KL0LiJ·8;:>5J9K 33341±409
3@8da9Lif BB j`>5D?µ·e0fC309J9K¥L0LEJ*8;:
-
OUa9L¡DE30J*8dAcJ·99g GºABLEFcKlAc: 9299± 450 Li5LEJ*8d: © >5:«e0Ac5LEJ
j*G¶8da,L¹3[	ofCLE:;35J`>5J9DiL¹K`>@8d>lDE35J·8;f;30F:;>5gM,FBL
-
OUa9L698¼30fCµ5LEK>5:³LÌMNLED8dLEK
©
bAc8;a¤> χ2
@>5Fc9Lb354
Ë
p5+
4}35f
+5
'
K,LEe0fCLELE:¼354ó4}fCLELiK930g 8da`>Æ8¼Ac:DE30ghM`>@8;ABj9FcLPbAc8da§8da,L2TWV­M,f;LEK,ABDi8;AB30J,:
4}35fP8da9L¨e03º3K,J9LE:C:R3@4698b:Ca93bJlAcJn_ABe
-,+,-q+5/,-
OUa9L:CABe0J9>5F<GºAcLEFBK,:>5J9K±8;a9LEAcf¡@>5f;Ac309:9J9DELifC8d>5ABJ*8dAcLE:IAcJ¤L(>@D?a q˜2 j9AcJ9:>5fCL¢e0AH0LEJAcJ
O>5j9FcL
+,-
&)
4}30f28da,Lfd>( GºABLiFBK9:¨>@J9K¶ABJ¥O>5j9FBL
+-
&

4}35f28da9L§9J,4}35FBK9LiKWGAcLEFcK9:
-
_`30f¦AcFBFc9:=
8;fd>@8;Ac5LM99f;MN30:CLE:
©
8;a9L ∆E >@J9K mES 698§M9fC3\CLED8dAB35J9:30j,8d>5ABJ9LiKABJL(>5D?a354b8da,L
&
p
q2
j,ABJ9:¦>@f;LK9Ac:;M9FB>G5LEK¥AcJ¶_ÂABe0:
-ó+-q+*p
>@J9K
+,-q+5+,©
fCLE:CMkLiDi8dAH0LiFcG
-
OUa,L ∆E K,AB:C8;f;Acj9,8dAc30J9:RDE35f=
fCLE:CMk30J,K8d3 >DE,8³354 mES > 5.2675 GeV/c
2
>@J9K´8;a9L mES K9AB:=8dfCABj9,8;AB30J,:¬8d3n>DE,8³354
−0.16 < ∆E < 0.2 GeV -
OUa9L³fd>(Å698bM`>5f;>5gL8dLif;:R>5f;L] 
^_`Fa"b4cedfhgjikgl*monLpenonrq?dsmlgutnovotLw
^_`Fa"b4cedfnrikglgmoxmLyzq?dsmlgmLyLw4xFw
^_`Fa"b4cedfotzikglgupotevLpzq?dsmlgmQgnvFw
^_`Fa"b4cedfLw{ikglgogogprqQdsm|lgmLyopn
^_`Fa"b4cedfxrikglg}w~gnqQdsm|lgnLpmonv
^_`Fa"b4cedfvrikgl*mLtvmLyzq?dsmlgutLwow4x
^_`Fa"b4cedfoyzikgl0tvomhgogjq?dsmlgxLpoyevon
^_`Fa"b4cedfopzizm|l0poyLw4vomQgjq?dPm|lgxonnomo
^_`Fa"b4cedfrikglgLpeorq?dsmlgupoyhgmLy
^_`Fa"b4cedfhgmzirm|l*Lppotoxzq?dsm|l*nQguwthg
^_`Fa"b4cedfhgogsiglgotvLpzq?dPm|lgomhgmFw
^_`Fa"b4cedfhgnzirm|l*ovnFwevovzq?dsm|lgvvooxLt

ca

dfhgjim|l*xomoFwp{qQdsm|lgnLpoxot

ca

dfnrim|l0ypmLpopzqQdsm|l9mLpFwttx

ca

dfotzim|l*LpomoxzqQdsm|l9mLtLweom
p@/
Ë
L"Foohdfhgsigl*mLtthgvrq?dPm|l*monFw4QgvFw
L"Foohdfnzirm|l*Lypmonrq?dPm|l*monFw4moomov
L"Foohdfot{igl*movotopzq?dsml*monQgupeomo
L"FoohdfLwŁiglgoguwowexrq?dPm|l*mLtotpmFwen
Lah_ua
oL
dfhgsigq?dPm
ZÍfd>( 6,8¡M`>@fd>5ghLi8;LEf¦@>5FB9L§354
&
-./
ghL(>5J,:³8;a`>@8³8da9L§698;8;LEK´5>@FB9L§354¼8da9LhM`>5f;>5gL8dLif³Ac:
Lﬁ·`>5Fó8;3I8da9L¨TlVÎM9fCLEK9AcDi8;AB30J
-ºª
Je0LEJ,LEfd>@F
©
8da9L¦j`>@D?µºe5f;309J,K6,8UM`>5f;>5gL8dLif;:U>5fCL2DEFc30:;L«8d3
8;a9LhTWV M9f;LiK9ABD8dAB35J9:
©
L0LiJ´8;a9309e0a¥8;a9L698;8;LEK b → u`ν j`>@D?µºe5f;309J,K´GºABLiFBK9:¨>@f;LFB3¼LEf
8;a`>5J8da9LTWV M9f;LiK9ABD8dAB35J9:P4}30fUFB3]>5J9K gAcK q˜2
©
>@J9K 8;a9L¨358da,LEf BB GºABLEFcK9:R>5f;L¨:CFBABe5a·8;FcG
a,ABe0a9Lif«8;a`>5Jl8;a9L§TWV]M9fCLEK9AcDi8dAc30J9:¬>@82a9Ace0a q˜2
-
OUa,LI:;Ace0J`>5F6982M9>5fd>5ghLi8;LEfC:¦>5f;LDEFc30:;L³8d3
8;a9LTWV M,f;LEK,ABDi8;AB30J,:
-
OUa9L³DE35J·8;ABJ·99g AB:P6,ÌLEK 8d3
&
-./,-
OUa9L¨4}9FcFóDE35f;f;LiFu>@8;AB30Jg>@8;f;AHÌ½LiFBLigLiJ·8;:bABJ
°
3548;a9L¨fd>( 6,8«M9>5fd>5ghLi8;LEfC:UAB: 
9C9*CS0S kS¡ ¢   ¡ £ ¤ ¢ ¤         
¥ﬀ0¥¦ﬀ§0¨*C S0S ©Sª7S¤0¤7S¤0¢C©*«7C©0©S¡0«7S¢0«         
¬2­®9¯°0±0±9¦ﬀ§0¨*C S00S¤ ¡ ©  Ł«0ª{©*£Ł¤©         
9C9*C*«u S0 ªkSS« © ¡ ¢         
9C9*C*¤u S0kS¡²«,ŁS¢Ł«0¢kS£         
9C9*C0© S0²«0¤kS Ł«0 kSª         
9C9*C*¢u S0kSªŁ¤0«Ł«0¤         
9C9*C* u S0kC©²¤0«         
¬2­®9¯°0±0±9¦ﬀ§0¨*C*«u S0kS£         
9C9*C*¡u S0         
9C9*C*£u S0C©*0¤0Ł«0¢²«0ªkS«700 
¥ﬀ0¥¦ﬀ§0¨*C*«u S07S¡0¤S¢©S¢0ªS¡0 £Ł«0£ 
¬2­®9¯°0±0±9¦ﬀ§0¨*C*¤u S0²«0¤{©*¢²¢0¤kS¢7S«0 
9C9*C*ªu S0Ł¤0¤²¤0ªkC©0S¢ 
9C9*CSu S0²«0k0ŁS¡ 
¬2­®9¯°0±0±9¦ﬀ§0¨*C0© S0700³S¤0ª 
9C9*C0 S07S¤0«Ł«©
¥ﬀ0¥¦ﬀ§0¨*C*¤u S07S¢0¤
9C9*CS«u S0
OUa,LEf;L¨>@f;L2J93¡DE30fCf;LEFB>@8dAc30J9:¼jkL8LiLEJ8da9L«698UM`>5f;>5ghLi8dLif;:bAH8da q˜2 <
&(Ë
GeV2/c4 >5J9K q˜2
>
&(Ë
GeV2/c4
©
ba,ABD?af;LM`LED8d:U8da9L26,8bM`>5fd>@gL8dLEfC:E¿9:=8dfC9Di8;9f;L¨ABFcFB9:=8df;>@8dLiK¢j*G_ÂAce
-9+,-
&¯
-
OUa,L³:CABe0J9>5F7M`>5f;>5ghLi8dLif;:b30J9FHG¢a`>(5L:Cg¹>5FcFóDi30f;fCLEFu>Æ8dAB35J9:bAc8;a8da9L¨358;a9LEfU698bM`>@fd>5ghLi8;LEf;:
-
p@
/
¯
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
10
20
30
40
50
60
70
80
4/c2 < 2 GeV20 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
4/c2 < 4 GeV22 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
10
20
30
40
50
60
70
80
4/c2 < 6 GeV24 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
10
20
30
40
50
60
70
80
90
4/c2 < 8 GeV26 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
10
20
30
40
50
60
70
80
4/c2 < 10 GeV28 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
4/c2 < 12 GeV210 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
4/c2 < 14 GeV212 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
120
140
4/c2 < 16 GeV214 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
120
140
160
4/c2 < 18 GeV216 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
120
140
4/c2 < 20 GeV218 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
4/c2 < 22 GeV220 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
E (GeV)∆
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
E
v
e
n
t
s
 
p
e
r
 
0
.
0
8
 
G
e
V
0
20
40
60
80
100
120
4/c2 < 27 GeV222 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR


U
Êo
+
-q
+*
p2
1
∆
E
G
Ac
LE
Fc
K¹
69
8U
M9
fC
3
\C
LE
D
8d
Ac
30
J9
:U
30
j,
8d
>5
AB
J,
LE
K¢
Ac
J
&
p
q˜
2
j9
AB
J9
:¼
4}
f;
30
g
8d
a9
L¬
J9
30
gh
AB
J`
>5
F`
69
8
8d
3
8;
a9
L2
fC
L(
>5
FN
K`
>@
8d
>
-
OU
a,
L¬
69
8

>5
:P
K,
30
J9
L2
9
:C
AB
J9
e
8d
a9
LR
4}
9
FB
F
∆
E
m
E
S
69
8
f;
Li
e0
AB
30
J
©
j9

8
8d
a,
L2
K9
AB
:C
M9
Fu
>(
G5
LE
K
K,
AB
:C
8;
f;
Ac
j9
,
8d
Ac
30
J9
:U
>@
f;
L2
8d
a,
30
:;
L
>@
4
8d
Li
fb
>
m
E
S
>
¯
-q
p
 *
)5
¯
G
eV
/c
2
DE
,
8
-
p@
/
 
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
80
4/c2 < 2 GeV20 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
4/c2 < 4 GeV22 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
4/c2 < 6 GeV24 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
4/c2 < 8 GeV26 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
80
4/c2 < 10 GeV28 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
80
90
4/c2 < 12 GeV210 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
120
4/c2 < 14 GeV212 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
120
4/c2 < 16 GeV214 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
120
4/c2 < 18 GeV216 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
20
40
60
80
100
4/c2 < 20 GeV218 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
80
90
4/c2 < 22 GeV220 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR
)2 (GeV/cESm
5.19 5.2 5.21 5.22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
2
E
v
e
n
t
s
 
p
e
r
 
0
.
0
0
5
 
G
e
V
/
c
0
10
20
30
40
50
60
70
80
90
4/c2 < 27 GeV222 < q
 signalνlpi→0B
 bkgνul→b
 bkgBother B
continuum bkg
DATA
BABAR


U
Ê9
+,
-q
+5
+¦
1
m
E
S
Gº
AB
Li
FB
K
6,
8P
M9
fC
3
\C
LE
D
8d
AB
35
J9
:
30
j
8?
>5
Ac
J9
LE
K¢
Ac
J
&
p
q˜
2
j9
AB
J9
:<
4}
f;
30
g
8;
a9
L¬
J9
35
g
Ac
J`
>5
F9
69
8¼
8d
3
8;
a9
L2
fC
L(
>5
FN
K`
>@
8d
>
-
OU
a,
L¬
69
8

>5
:P
K,
30
J9
L2
9
:C
AB
J9
e
8d
a9
LR
4}
9
FB
F
∆
E
m
E
S
69
8
f;
Li
e0
AB
30
J
©
j9

8
8d
a,
L2
K9
AB
:C
M9
Fu
>(
G5
LE
K
K,
AB
:C
8;
f;
Ac
j9
,
8d
Ac
30
J9
:U
>@
f;
L2
8d
a,
30
:;
L
>@
4
8d
Li
fb
> −
0.16
<
∆
E
<
0.2
G
eV
DE

8
-
p@
/
)
´
µ
¶
·
¸h
¹
º
»
¼
½¿
¾
À
Á
Â Â
Ã
Ä.
Å
Æ
Ã
Ç ÄÉ
È ¾
Ê
Ä
Â
Ë
Ã
Æ¿
Ì Ì
Ã
Ç
¾
Â
ÆÉ
Í
Ã
ÎÊ
ÏÃ
Ì
Â
¾
Æ
Ê
Â
Æ
Ã È
ÐÑÒ
Ó
Ì
Ô
Õ
¾
Ç Ç
È Ô
ÎÌ
ÏÃ È0
Ö
Ô
×
Â
¾
Æ
Ê
Ã
Ä
Ó
Ì
Ô
Õ
Â
Ë
Ã
Ì
Ã ¾
Ç Ä
¾
Â
¾
¹
q˜2
Ø
ÙÛ
Ú
Ü
Ý
GeV2/c4
Þ
ß
à
á á
à
â â
à
ã ã
à
ä ä
à
å ß å ß
à
å á å á
à
å
â
å
â
à
å ã å ã
à
å ä å ä
à
á ß á ß
à
á á á á
à
á ãe
æ
â
q˜2<
å ã
q˜2>
å ã
çé
è
ê
ë
Ù
ê ê
ì
íÉ
î
Ù
ì
ï í
ð ã ãe
æ
ã
â
ã áe
æ
ñ
â
ñ ñe
æ
ò
â
ò å
æ
ä
â
ð ãe
æ
â
ð ñ å
æ
ß ò á áe
æ
ó
ð ð ðe
æ
ã
â
ò äe
æ
ß ð ò òe
æ
â
ð ã
â
æ
ä â á äe
æ
ä ð
â
ã
â
æ
ã å ã ß ãe
æ
ñ ò ß
ó
å
æ
ò
ê
ô
õ
ì
ö
å
æ
å áe
æ
ã ße
æ
ñ å
æ
ß å
æ
â
å
æ
â
ße
æ
ó
ðe
æ
ã å
æ
ò áe
æ
á ðe
æ
á ãe
æ
å ße
æ
ã áe
æ
ä å
æ
å
γ ì
ö
áe
æ
â
å
æ
ä ße
æ
ò áe
æ
ã å
æ
ò å
æ
á å
æ
å áe
æ
ß áe
æ
á áe
æ
ã
â
æ
ð òe
æ
â
ße
æ
ñ áe
æ
ã ße
æ
ò
K0
L
÷
Ú
ì
ø
ê
ô
è
Ú
Ü
ße
æ
ñ ße
æ
ã ße
æ
ó
å
æ
ß å
æ
ß å
æ
å å
æ
á ße
æ
ñ å
æ
ó å
æ
â ße
æ
ñ å
æ
ò ße
æ
ó
å
æ
å ße
æ
ä
ùúû â
æ
ó
å
æ
á ße
æ
ò ße
æ
å ße
æ
ñ ße
æ
ã ße
æ
ñ ße
æ
ñ å
æ
ß å
æ
ã å
æ
ã ðe
æ
ã ße
æ
ñ áe
æ
ß å
æ
á
ü è
Ú
ê
ÙÛ
Ú ø ø ý
î
Ù
ì
ï í
ãe
æ
å å
æ
ß ße
æ
ò ße
æ
á ße
æ
ã ße
æ
ã ße
æ
ã ße
æ
ó
ße
æ
ó
å
æ
ó
å
æ
ð áe
æ
ñ ße
æ
ñ å
æ
ã å
æ
ß
ü è
Ú
ê
ÙÛ
Ú ø ø ý q˜2
å
ó
æ
â
áe
æ
á ße
æ
ñ ße
æ
ä å
æ
á å
æ
å å
æ
â
å
æ
ò å
æ
ã áe
æ
ñ ðe
æ
á
â
æ
ñ áe
æ
á å
æ
ä å
æ
ã
ü è
Ú
ê
ÙÛ
Ú ø ø ý mES
å
æ
ß ße
æ
ð ße
æ
ß ße
æ
å ße
æ
å ße
æ
å ße
æ
ð ße
æ
â
ße
æ
ð ße
æ
ò ße
æ
ó
ße
æ
ä ße
æ
å ße
æ
ò ße
æ
ð
ü è
Ú
ê
ÙÛ
Ú ø ø ý ∆E
áe
æ
ä å
æ
ã ße
æ
ó
å
æ
ß å
æ
ð ße
æ
å ße
æ
å å
æ
ß ße
æ
ó
å
æ
ñ ðe
æ
ã
â
æ
á å
æ
ß áe
æ
ã å
æ
ò
b → u`ν þ ë ßeæ ò ßeæ ã ßeæ ò ßeæ ò ßeæ ä ßeæ ñ ßeæ ä å æ ð å æ ò áeæ á äeæ ã äeæ ò ßeæ ò ðeæ ã å æ ð
ß
ë
 

ô

ý
ße
æ
â
ße
æ
ò ße
æ
ð ße
æ
â
ße
æ
å ße
æ
å ße
æ
å ße
æ
â
ße
æ
â
áe
æ
ñ ðe
æ
â
äe
æ
ä ße
æ
á áe
æ
ð ße
æ
ñ
B → ρ`ν ë ë å æ ð ßeæ ñ å æ ã å æ á ßeæ ñ ßeæ ä ßeæ ä áeæ ß ßeæ ò áeæ ò å æ á áeæ ò ßeæ ñ ßeæ ä ßeæ ã
B0 → pi−`+ν ë ë ßeæ å ßeæ å ßeæ ß ßeæ ß ßeæ å ßeæ å ßeæ ß ßeæ ð ßeæ ð ßeæ ò ßeæ ó å æ ñ ßeæ å ßeæ ä ßeæ ð
ë
ß
 ße
æ
ã ße
æ
ä ße
æ
ä ße
æ
ò å
æ
ß ße
æ
ñ å
æ
ß ße
æ
ß ße
æ
ä ße
æ
ó
ße
æ
á ße
æ
ð ße
æ
ó
ße
æ
â
ße
æ
ã
b → c`ν þ ë å æ ã å æ ã ßeæ ó áeæ á ðeæ ä å æ á áeæ á å æ ã å æ å å æ ó å æ ð å æ ð ßeæ ñ ßeæ ä ßeæ ä
B → D∗`ν ë ë ßeæ ä ßeæ ä ßeæ å å æ ã áeæ ã å æ ß å æ ð ßeæ ä ßeæ ä ßeæ ñ ßeæ ã å æ ó ßeæ ó ßeæ â ßeæ ã
B → D`ν ë ë å æ ã å æ å ßeæ ã ßeæ â å æ ó ßeæ å ßeæ å ßeæ ò ßeæ ò ßeæ ó ßeæ ð ßeæ ò ßeæ å ßeæ â ßeæ á
D → X`ν þ ë áeæ ä áeæ ó ßeæ ò ßeæ ó ßeæ ó å æ ð å æ ò ßeæ ó å æ ß ßeæ ñ ßeæ â ßeæ ä ßeæ ñ ßeæ ó ßeæ ä
Υ (4S) → B0B¯0 þ ë ßeæ â ßeæ ò ßeæ ß ßeæ á ßeæ ð ßeæ å ßeæ å ßeæ ò ßeæ ð ßeæ ó ßeæ ã ßeæ ò ßeæ å ßeæ â ßeæ á
D → K0L
þ ë å
æ
ó
áe
æ
å ße
æ
ó
å
æ
á å
æ
á å
æ
å ße
æ
ä å
æ
ä å
æ
â
áe
æ
ß å
æ
ò å
æ
â
ße
æ
ò ße
æ
ã ße
æ
ò
ç
è
ê

ï
Ü
î
Ü
ê
ì
ô ô
è
ô
á ße
æ
ß ãe
æ
ð ðe
æ
á
â
æ
ñ ãe
æ
ð
â
æ
å
â
æ
ð ãe
æ
å
â
æ
ñ
ó
æ
ñ å áe
æ
ð å
ó
æ
â
ðe
æ
ó ó
æ
ð ðe
æ
ñ
ë
Ù
ê
ì
ô ô
è
ô
å áe
æ
ñ ñe
æ
ó
äe
æ
ã ñe
æ
ó
å å
æ
á å ðe
æ
ß å å
æ
ó
å
ó
æ
â
å òe
æ
ã á å
æ
ó
å òe
æ
ñ å
ó
æ
ð òe
æ
ð ñe
æ
ñ òe
æ
ß
çé
è
ê

ï
ì
ô ô
è
ô
á ðe
æ
ä å å
æ
ã ñe
æ
å å ße
æ
ñ å áe
æ
ñ å ðe
æ
ã å áe
æ
â
å äe
æ
â
å ãe
æ
â
á ðe
æ
å á ße
æ
å á
â
æ
ò ãe
æ
â
å áe
æ
ð ãe
æ
ð
p@
/0

´
µ
¶
·
¸h
¹
º
¼

Ê
Ó
Ô
Ç Ä
Ã
Ä
Å
Æ
Ã
Ç ÄÉ
È ¾Ê
Ä
Â
Ë
Ã
Æ
Ì Ì Ã
Ç
¾
Â
Æ
Í
Ã ÎÊ ÏÃ Ì
Â
¾
Æ
Ê
Â
Æ
Ã È
ÐÑ Ò
Ó
Ì Ô Õ ¾
Ç Ç
È Ô ÎÌ ÏÃ È
Ö
Ô
×
Â
¾
Æ
Ê Ã
Ä Ó
Ì Ô Õ
Â
Ë
Ã ÌÃ ¾
Ç Ä
¾
Â
¾
¹
q˜2
Ø
ÙÛ
Ú
Ü
Ý
GeV2/c4
Þ
ß
à
á á
à
â â
à
ã ã
à
ä ä
à
å ß å ß
à
å á å á
à
å
â
å
â
à
å ã å ã
à
å ä å ä
à
á ß á ß
à
á á á á
à
á ãe
æ
â
q˜2<
å ã
q˜2>
å ã
ç
è
ê

Ú

è
ï í
ì
íÉ
î
Ù
ì
ï í
ð
ó â
æ
ó â
ò áe
æ
ð ò å òe
æ
ð
â â
áe
æ
á
â
ò ñe
æ
å ð ã ße
æ
ó
ò ä ðe
æ
â
ð ß áe
æ
ó
ò å
â
æ
ð ð ò
ó
æ
ó â
ß ãe
æ
ð ð ß ðe
æ
ß ð
â
ñ ße
æ
á å ò ä å
æ
ð ò ß
ó
å
æ
ò
ê
ô
õ
ì
ö
å
æ
ß ðe
æ
á å
æ
ß å
æ
â
áe
æ
ß áe
æ
â
ße
æ
ó
òe
æ
â
å
æ
ã áe
æ
ò ðe
æ
ß å ße
æ
å ße
æ
ã ðe
æ
á å
æ
å
γ ì
ö
ðe
æ
ß áe
æ
ä ße
æ
ó
ðe
æ
ð å
æ
ó å
æ
á å
æ
ð áe
æ
ò áe
æ
á ðe
æ
å
â
æ
ó ó
æ
ä å
æ
ß áe
æ
ó
ße
æ
ò
K0
L
÷
Ú
ì
ø
ê
ô
è
Ú
Ü
å
æ
ß ße
æ
ä ße
æ
ä å
æ
ð å
æ
ß å
æ
å å
æ
â
å
æ
á å
æ
ä å
æ
ã å
æ
ß áe
æ
â
ße
æ
ó
å
æ
å ße
æ
ä
ùú û
òe
æ
á ße
æ
ó
ße
æ
ò ße
æ
ð å
æ
â
ße
æ
ñ ße
æ
ñ ße
æ
ñ å
æ
ß å
æ
ä å
æ
ð òe
æ
ß ße
æ
ñ áe
æ
ß å
æ
á
ü è
Ú
ê
ÙÛ
Ú ø ø ý
î
Ù
ì
ï í
ó
æ
ß ße
æ
ò ße
æ
ã ße
æ
á ße
æ
ñ å
æ
ß ße
æ
ã ße
æ
ä ße
æ
ã å
æ
ñ å
æ
å
â
æ
ß ße
æ
ñ å
æ
ó å
æ
ß
ü è
Ú
ê
ÙÛ
Ú ø ø ý q˜2
á ße
æ
å å
æ
ò å
æ
ß å
æ
ß å
æ
ä å
æ
ä å
æ
ò áe
æ
ß å
æ
ò ðe
æ
ð
â
æ
ß äe
æ
ä áe
æ
á å
æ
ñ å
æ
ã
ü è
Ú
ê
ÙÛ
Ú ø ø ý mES
å
æ
å ße
æ
ð ße
æ
å ße
æ
å ße
æ
å ße
æ
å ße
æ
ð ße
æ
ã ße
æ
ð ße
æ
ã ße
æ
ó
å
æ
ß ße
æ
á ße
æ
ò ße
æ
ð
ü è
Ú
ê
ÙÛ
Ú ø ø ý ∆E
ðe
æ
ß å
æ
ã ße
æ
ò å
æ
ß å
æ
ò ße
æ
á ße
æ
å å
æ
á ße
æ
ã å
æ
ä ðe
æ
ñ òe
æ
á å
æ
ß áe
æ
ã å
æ
ò
b → u`ν þ ë ßeæ ã ßeæ ó ßeæ ò ßeæ ã ßeæ ñ å æ å ßeæ ä å æ ñ å æ ó ðeæ ò å ßeæ â å áeæ ð ßeæ ò ðeæ ã å æ ð
ß
ë
 

ô

ý
ße
æ
â
ße
æ
ò ße
æ
ð ße
æ
ã ße
æ
å ße
æ
å ße
æ
å ße
æ
ò ße
æ
â â
æ
á òe
æ
ä å òe
æ
á ße
æ
á áe
æ
ð ße
æ
ñ
B → ρ`ν ë ë å æ ð ßeæ ó å æ ä å æ å ßeæ ä å æ á å æ ð ðeæ á ßeæ ò ðeæ ð å æ ð âæ ð ßeæ ñ ßeæ ä ßeæ ã
B0 → pi−`+ν ë ë ßeæ á ßeæ å ßeæ ß ßeæ ß ßeæ å ßeæ å ßeæ ß ßeæ â ßeæ ð ßeæ ò ßeæ ã ðeæ ß ßeæ å ßeæ ä ßeæ ð
ë
ß

ße
æ
á ße
æ
ò å
æ
á ße
æ
â
å
æ
ð å
æ
â
ße
æ
ä ße
æ
á å
æ
ß ße
æ
â
ße
æ
ß ße
æ
å ße
æ
ä ße
æ
â
ße
æ
ã
b → c`ν þ ë å æ ã áeæ ß å æ ß áeæ â âæ ä å æ å áeæ ò áeæ ð å æ ð áeæ ð å æ ä áeæ ß ßeæ ñ ßeæ ñ ßeæ ä
B → D∗`ν ë ë ßeæ ó å æ å ßeæ å å æ ã ðeæ á ßeæ ñ å æ â å æ ß ßeæ ñ å æ á ßeæ ã áeæ ó ßeæ ó ßeæ â ßeæ ã
B → D`ν ë ë å æ ó å æ á ßeæ ã ßeæ ð áeæ á ßeæ â ßeæ å ßeæ ó ßeæ ò ßeæ ñ ßeæ â ßeæ ó ßeæ å ßeæ â ßeæ á
D → X`ν þ ë áeæ ä ðeæ â ßeæ ä ßeæ ó å æ ß å æ ã å æ ã ßeæ ó å æ å å æ ß ßeæ ã å æ å ßeæ ñ ßeæ ó ßeæ ä
Υ (4S) → B0B¯0 þ ë ßeæ â ßeæ ã ßeæ å ßeæ å ßeæ ð ßeæ å ßeæ å ßeæ ó ßeæ ð å æ ß ßeæ ä ßeæ ã ßeæ å ßeæ â ßeæ á
D → K0L
þ ë
å
æ
ò áe
æ
ä å
æ
á å
æ
â
å
æ
á å
æ
ò å
æ
ß ðe
æ
á å
æ
ä ðe
æ
ß áe
æ
ß áe
æ
á ße
æ
ò ße
æ
ó
ße
æ
ò
Ü
Ù	

Ú

ï



Ü
ê

ê
ì
ô ô
è
ô
ße
æ
ä å
æ
á å
æ
ð å
æ
ã å
æ
á å
æ
ã ße
æ
ä å
æ
â
ße
æ
ä å
æ
ß ße
æ
ñ å
æ
ð ße
æ
å ße
æ
á ße
æ
ß
ê
è
ê

ï
Ü
î
Ü
ê
ì
ô ô
è
ô
á áe
æ
ñ
ó
æ
ð ðe
æ
ó
òe
æ
ã
ó
æ
ä òe
æ
á
â
æ
ä äe
æ
ñ òe
æ
á å ße
æ
ß å
â
æ
ñ á
ó
æ
ð ðe
æ
ó ó
æ
ã ðe
æ
ñ
ë
Ù
ê
ì
ô ô
è
ô
å òe
æ
á å
â
æ
â
å áe
æ
ä å
â
æ
ä å òe
æ
â
å ñe
æ
á å ðe
æ
ñ á òe
æ
á å
ó
æ
ã á äe
æ
ò á ße
æ
á á
ó
æ
ó
òe
æ
â
å ße
æ
á òe
æ
ß
ê
è
ê

ï
ì
ô ô
è
ô
á
ó
æ
ò å ãe
æ
á å ðe
æ
ð å òe
æ
ñ å
ó
æ
ð å ñe
æ
ñ å
â
æ
ó
á ãe
æ
ó
å äe
æ
â
ð ße
æ
á á òe
æ
å ð äe
æ
ñ ãe
æ
ò å áe
æ
ä ãe
æ
ð
p@/
'
r7sutksyx\scv :
9
|{
?> ∆B(q2) 9 |`| "> B(B0 → pi−`+ν)
OUa9L¹M`>5fC8;Au>5F<>5J,K8d3@8?>5F¼ÃP_`:I>5J,K8da,LEABf³@>5f;Ac309:³9J9DELifC8d>5ABJ*8dAcLE:ABJ±LE>5D?a q˜2 j9AcJ9:I>5fCL
e5Ac0LiJAcJO>5j9FcL
+,-
&'
-
Q29f[@>5FB9Lb354N8da,LR8;358?>5FoÃ_
©
(1.46± 0.07stat ± 0.08syst)×10−4 © Ac:
Di30ghM`>5fd>@j9FBLABJM9f;LiDEAc:;AB35J8d3R8da9L<35f;FBK¡>(0LEf;>5e0L¼M9f;Ac30f\8;3¬30,ffCLE:;,Fc8
' å1
 (1.35±0.08stat±
0.08syst) × 10−4 - OUa9L8;358?>@F<j,fd>5J9D?a,ABJ9e 4}fd>5D8dAB35J9J,DELEf=8?>5AcJ*8GAc:K,9L¹AcJFB>5f;e0L§M`>@fC8³8d3
8;a9L¦:C8d>@8dAc:C8;ABD(>@Fó>5J,K K,Li8dLiDi8;30fb:;ABg¡9Fu>@8;AB30Jh9J9DiLEf=8?>5AcJ·8;ABLi:
-`¸
3¼Li5LEf
©
8;a9L¦9:CL³3@4\8;a9L¦FB3º30:CL
J,LE,8;f;ABJ,3¥f;LEDi30J9:=8df;,Di8dAc30JK9ABKAcJ9K9LiLEKf;LiK99DEL8;a9LEAcfABghM`>5Di8bAc8;af;LE:CMkLiDi8§8d3¶M9fCLiºAB359:
,J·8d>5e0e0LiK¥gLE>5:;,f;LEghLEJ*8;:
-
OUa9L¡:CGº:C8;LEg>@8dAcDI9J9DiLEfC8d>5ABJ*8;ABLE:2>5f;Ac:;ABJ,e4}f;35g 8;a9LIj9f;>5J9D?a9AcJ9e
4}f;>5Di8;AB30J,:U>5J9K4}30fCg 4½>5D8d30fC:U3548da9L¦j`>@D?µºe5f;309J,K9:«a9>5L³>5FB:C3jkLiLEJ :;ABe5J9Ac6`DE>5J*8dFHG¹fCLEK99DiLEK
j*G¢8;a9L¨g¹>@J·G* M`>5fd>@gL8dLEfP6,8U8d3§8da9L¨j`>5D?µ·e0fC309J9KGºABLiFBK9:UAcJ8;a9L¦8LiFc5Lj9AcJ9:b354 q˜2
-
r7sutksyx\scr zU{}|~o |Vubf+(0)| ` | f+(q2) ~( 9Ł  Ł\9` *|  ~
OUa9L ∆B(q2) K9Ac:C8;f;ABj,,8dAc30JÅAc:nK,AB:;M,Fu>(G0LiK ABJ]_ABe -b+,-.+ Ë 8;30e0L8da9LifnbAc8;aÅ8;a9LE30fCLi8;ABD(>@F
M,f;LEK,ABDi8;AB30J,:
-
Z¬:K9Li:;DEfCABjNLEKAcJmLED8
-[+-q+,-.,©
Lgh3ºK9Ac4 G¥8;a9LgLE>5:;,f;LEK q2 K9Ac:C8dfCABj98dAB35J
8;3¶f;LEgh30Ln_[m43 L	óLiDi8;:
©
ABJ30fCK9LEf8d3>5FcFB3 >¶K,ABf;LiDi8hDE35gM`>@f;AB:C30J¤bAc8;a8;a9L8da9Li30f;L8dAy
DE>5FPM9fCLEK9AcDi8;AB30J9:ba9ABD?aK93¶J9358AcJ9DEFc9K9L:C9D?aL	óLiDi8;:  8da9Ac:M9f;3ºDELiK99fCL Ac:IFu>@jkLiFBFBLiKR3
_»m43*
-
6±L¬30j,8?>@ABJ8;a9L f+(q
2) :Ca`>5MNL24}f;30gÍ>¡698¼8d3I8da,AB:K,AB:C8;f;Acj9,8dAc30J
-
OUa9L χ2 4}9J9D8dAc30J
ghABJ,ABghAB£ELiKABJ­8;a9L f+(q
2) 698¢9:;Li:>
^
X2_ j`>5:CLEKÎ30J­8;a9Ll8¼3@M9>5fd>5ghLi8;LEf¹ÃPÄ M`>5fd>
ghLi8;f;Ac£(>@8;AB30J
-ª
8§Ac:IK9Li69J9LEKABJ±8;LEfCg:354b8;a9L ∆B(q2) Di3@>5fCAu>5J,DEL¢g>@8dfCAHÌ´8d3¥8d>5µ5LAcJ·8;3
>@DEDE359J*8W8da9LDE30fCf;LiFu>@8;AB30J9:n>5gh30J9e8da9L±gLE>5:;9fCLEghLEJ*8d:nABJ 8da9L±@>5fCAB30,: q2 j9AcJ9:
-
OUa9L
6,8e0Ac5LE: α  0.52 ± 0.05stat ± 0.03syst © DE30ghM`>5fCLEK®8d3¤8;a9L¥M9fCLiºAB30,: ghL(>@:;9fCLEghLEJ*8
α = 0.61 ± 0.09
'
æS/0521(}:C8?>Æ8dAB:=8dAcD(>5FbLEfCf;30f30J9FHG"
©
>5:¹¼LEFBF«>5:¹>@>5FB9L 354 |Vubf+(0)| 
(9.6± 0.3stat ± 0.2syst)×10−4 4}f;30g 8;a9L¼698ÂLÌº8df;>5MN30Fu>@8;LEK¡8;3 q2 = 0 © bAH8da P (χ2)   0¯0° -
OUa,AB:@>5Fc9L¹AcJ9DEFc9K9Li:I>
 0)0°
>5J*8dAH DE30fCf;LiFu>@8;AB30J¶jNLi8¼LELEJ8;a9L¢:;a9>5MkL¢>5J9K¤J935f;g>5FBAc£(>@8;AB30J
M9>5fd>5ghLi8;LEfC:
©
α >5J9K cB
©
>5J9KDE>5JjkL¬9:;LiK 8;3IM9f;LiK9ABD8V'
-0-21
fd>Æ8dLE:U3@4358da9LifPK9LiD(>(Gº:R:C9D?an>5:
B → pipi -
p

/
´
µ
¶
·
¸h
¹
º
¼

¾
Ì
Â
Æ
¾
Ç
¾
Ê
Ä
Â
Ô
Â
¾
Ç

(×107) Ô ×Â ¾ ÆÊ Ã Ä ÓÌ ÔÕ Ì Ã ¾ Ç Ä ¾ Â ¾ ¾Ê Ä Â ËÃ Æ¿Ì ÌÃ Ç ¾ Â ÆÍ Ã ÎÊ ÏÃ Ì Â ¾ ÆÊ Â ÆÃ È ÐÑÒ ÓÌ Ô Õ ¾ Ç Ç È Ô ÎÌ ÏÃ È ¹
 Ë
Ã ∆B(q2) Í ¾ Ç ÎÃ È Ç ¾ ×Ã Ç ÇÃ Ä ﬀ Ô  ﬁ ½ ﬂ ¾ ÌÃ Õ Ô Ä Æ ÁÃ Ä Â Ô ÌÃ Õ ÔÍ Ã  ﬁ ½Ã ﬃÃ ÏÂ È ¹
q2
Ø
ÙÛ
Ú
Ü
Ý
GeV2/c4
Þ
ß
à
á á
à
â â
à
ã ã
à
ä ä
à
å ß å ß
à
å á å á
à
å â å â
à
å ã å ã
à
å ä å ä
à
á ß á ß
à
á á á á
à
á ãe
æ
â
q2<
å ã
q2>
å ã çé
è
ê

ï
∆B(q2) å á òeæ ò å ð ñeæ ò å ò ãeæ ñ å ð ãeæ ä å â ñeæ â å å ðeæ ó å ó óæ ñ ä âæ ò å ð ßeæ ð ä òeæ ò ñ òeæ ð ã äeæ ñ å ß ä âæ ð ð ä ßeæ ß å â ã âæ ð
∆B(q2) Ý è ë ß  Þ å ð ßeæ ã å â å æ ã å ò óæ ò å ð ãeæ ó å â äeæ ã å å ðeæ ò å ó òeæ ð ä ðeæ ð å á ñeæ ð ä òeæ å ñ ðeæ ä ã äeæ â å ß ä óæ å ð ó ãeæ ã å â ã ðeæ ó
ç
ô
 ü
õ
ÙÛ
Ú
 ì
 
ü
Ù
ì
Ú
ü
î
å
æ
ã å
æ
ó
å
æ
ð ðe
æ
å ðe
æ
ä å
æ
ð å
æ
ä
ó
æ
å áe
æ
ð å
æ
ó
áe
æ
á ñe
æ
á å
æ
ñ å
æ
ä å
æ
å
γ ì
 
ü
Ù
ì
Ú
ü
î
â
æ
ó
å
æ
ð áe
æ
ã òe
æ
ß ðe
æ
ã ðe
æ
á ðe
æ
ò ðe
æ
å ðe
æ
ß ðe
æ
ò ðe
æ
ä
ó
æ
ß áe
æ
ñ å
æ
ó
å
æ
ñ
K0
L
÷
Ú
ì
ø
ê
ô
è
Ú
Ü
ße
æ
ó
ße
æ
ã ße
æ
ó
å
æ
ß å
æ
á å
æ
á å
æ
á å
æ
ð áe
æ
ß å
æ
ò å
æ
å áe
æ
á ße
æ
ò å
æ
ß ße
æ
ã
ù

ô
ê
Ù
ü
ï
ì
ú û ó
æ
ß áe
æ
ò áe
æ
å å
æ
ñ ße
æ
ó
áe
æ
ó
áe
æ
ã áe
æ
ò áe
æ
ã ðe
æ
â
áe
æ
ñ
ó
æ
ß áe
æ
ã ðe
æ
ã áe
æ
ñ

è
Ú
ê
ÙÛ
Ú ø ø ý
î
Ù
ì
ï í
ó
æ
ß ße
æ
ò ße
æ
ã ße
æ
á ße
æ
ñ å
æ
ß ße
æ
ã ße
æ
ä ße
æ
ã å
æ
ñ å
æ
å
â
æ
ß å
æ
ß å
æ
ã å
æ
ß

è
Ú
ê
ÙÛ
Ú ø ø ý q˜2
á ße
æ
å å
æ
ò å
æ
ß å
æ
ß å
æ
ó
å
æ
ä å
æ
ò áe
æ
ß å
æ
ò ðe
æ
ð
â
æ
ß äe
æ
ó
áe
æ
â
å
æ
ñ å
æ
ä

è
Ú
ê
ÙÛ
Ú ø ø ý mES
å
æ
å ße
æ
ð ße
æ
å ße
æ
å ße
æ
å ße
æ
å ße
æ
ð ße
æ
ã ße
æ
ð ße
æ
ã ße
æ
ó
å
æ
ß ße
æ
á ße
æ
ò ße
æ
á

è
Ú
ê
ÙÛ
Ú ø ø ý ∆E
ðe
æ
ß å
æ
ã ße
æ
ò å
æ
ß å
æ
ò ße
æ
á ße
æ
å å
æ
á ße
æ
ã å
æ
ä ðe
æ
ä òe
æ
á å
æ
ß áe
æ
ò å
æ
â
B → Xu`ν þ ë Ü å æ á å æ â ßeæ ó ßeæ ó å æ ß å æ â å æ å å æ ä å æ ó ðeæ ã å ßeæ â å áeæ å ßeæ ñ ðeæ â å æ á
ß
ë
 

ô

ý
ße
æ
â
ße
æ
ò ße
æ
ð ße
æ
ò ße
æ
å ße
æ
å ße
æ
å ße
æ
â
ße
æ
â â
æ
å òe
æ
ó
å
â
æ
ñ ße
æ
á áe
æ
å ße
æ
ó
B → ρ`ν ë ë Ü å æ ð ßeæ ó å æ ä å æ å ßeæ ä å æ å å æ á ðeæ á ßeæ ò ðeæ ð å æ ð âæ ð ßeæ ñ ßeæ ä ßeæ ã
B0 → pi−`+ν ë ë ßeæ â ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ä ßeæ ó ßeæ ó å æ å ðeæ ò ßeæ ò å æ ð ßeæ ó
ë
ß

ße
æ
ó
å
æ
ò áe
æ
á å
æ
ñ áe
æ
ã áe
æ
ó
áe
æ
á ße
æ
ã áe
æ
ò áe
æ
ß å
æ
ð å
æ
å å
æ
ñ å
æ
ä å
æ
ñ
B → Xc`ν þ ë Ü å æ ä áeæ å å æ å áeæ á âæ ã å æ á áeæ â áeæ á å æ ð áeæ ò å æ ó áeæ á ßeæ ñ å æ ß ßeæ ä
B → D∗`ν ë ë Ü ßeæ ó å æ å ßeæ å å æ ã ðeæ å ßeæ ä å æ â å æ ß ßeæ ñ å æ á ßeæ ã áeæ ó ßeæ ó ßeæ â ßeæ ã
B → D`ν ë ë å æ ó å æ á ßeæ ó ßeæ ð áeæ á ßeæ â ßeæ å ßeæ ó ßeæ ã ßeæ ñ ßeæ â ßeæ ó ßeæ å ßeæ â ßeæ á
Υ (4S) → B0B0 þ ë áeæ å áeæ ò å æ ò å æ ò å æ ð å æ ó å æ ã å æ á å æ ã å æ ß áeæ â å æ ñ å æ ó å æ ó å æ ó
D → X`ν þ ë Ü áeæ ð áeæ ä å æ å å æ ð å æ ã å æ å å æ å ßeæ ñ ßeæ ã ßeæ ñ å æ ß ßeæ ä ßeæ â ßeæ ò ßeæ ð
D → K0L
þ ë
Ü
ße
æ
ã å
æ
ó
áe
æ
ð å
æ
ò áe
æ
ß áe
æ
ð å
æ
ß â
æ
á å
æ
ä ðe
æ
ñ å
æ
ß å
æ
ó
å
æ
å å
æ
ß å
æ
å
þ
ü è
ø Ú
ê
ÙÛ
Ú

å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å å
æ
å
ß
Ù	

Ú

ï



Ü
ê

ê
ì
ô ô
è
ô
å
æ
ò å
æ
ó
å
æ
ã å
æ
ñ å
æ
ã å
æ
ñ å
æ
â
å
æ
ä å
æ
â
å
æ
ã å
æ
ð å
æ
ò ße
æ
ò ße
æ
ã ße
æ
â
ç
è
ê

ï
Ü
î
Ü
ê
ì
ý

ê
Ù
ü ì
ô ô
è
ô
á ðe
æ
ó ó
æ
ß ãe
æ
á äe
æ
å ñe
æ
ã
ó
æ
ð
ó
æ
å å å
æ
ß
ó
æ
ß å å
æ
ß å
â
æ
ñ á
ó
æ
ß ãe
æ
ð
ó
æ
ä òe
æ
ó
ë
Ù
ê
ì
ô ô
è
ô
å òe
æ
á å
â
æ
â
å áe
æ
ä å
â
æ
ä å òe
æ
â
å ñe
æ
á å ðe
æ
ñ á òe
æ
á å
ó
æ
ã á äe
æ
ò á ße
æ
á á
ó
æ
ó
òe
æ
ð å ße
æ
ð
â
æ
ä
çé
è
ê

ï
ì
ô ô
è
ô
á äe
æ
á å ãe
æ
å å
â
æ
á å ãe
æ
ñ å äe
æ
á á ße
æ
ò å òe
æ
ã á
ó
æ
ò å ñe
æ
ß ð ße
æ
ã á òe
æ
å ð äe
æ
ó
äe
æ
á å áe
æ
ñ
ó
æ
ò
p!
Ç<ÈÂÉÊ#"%$qp'&)(
V+*0fCf;LiFu>@8;A,*0J g¹>Æ8df;AyÌ-*54[8da,LIM`>5f=8dAu>@F ∆B(q2) :C8d>@8dAc:C8;ABD(>@F\,J9DELifC8?>@ABJ*8dAcLE:.*0jº
8d>5ABJ,LEK¹4}f/*0g 8da9L2fCL(>5FkK`>@8d>
$
OUa,L¦D0*0fCf;LEFB>@8dA1*0J9:<a`>(0L28;a9L2:d>@gLR5>@FB9Li:42*0f¼8;a9L345*_[me3
DE>5:;L³>5:U42*0fP8;a9L6*0J9L¦bAc8;a _[m43
©
bAc8;a9ABJ8da,Lﬁ·7*@8dLEK M9fCLEDEAc:;A1*0J
$
q2 Ï*ÐÒÑ·Ó
Ô
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØÖ ØÖi×ÙØØ ØØi×ÙØÛ0ß Ú
Öi×ÙØ ÝßÖÖ ×ÙÖ0ßØÛ Ö0ßÒÝÝ Ö0ßÖ0Ý Ö0ßÖÛ Ö0ßÖ0Ý Ö0ßÖá ×ÙÖ0ßÖ0Ý ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖ0Ý
Øi×}Ú ×ÙÖ0ßØÛ ÝßÖÖ ×ÙÖ0ßáá Ö0ßÒÝdÚ Ö0ßÖá ×ÙÖ0ßÖÖ Ö0ßÖ0Ý ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ
Ú(×ÙÛ Ö0ßÒÝÝ ×ÙÖ0ßáá ÝßÖÖ ×ÙÖ0ßáÖ Ö0ßØ0Ý Ö0ßÖâ Ö0ßÒÝÞá ×ÙÖ0ßÖØ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ
Ûi×ÙÜ Ö0ßÖ0Ý Ö0ßÒÝdÚ ×ÙÖ0ßáÖ ÝßÖÖ ×ÙÖ0ßØØ Ö0ßÒÝÞâ Ö0ßÖã ×ÙÖ0ßÖ0Ý ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ
Üi×=ÝÞÖ Ö0ßÖÛ Ö0ßÖá Ö0ßØ0Ý ×ÙÖ0ßØØ ÝßÖÖ ×ÙÖ0ßØØ Ö0ßØÖ ×ÙÖ0ßÖá Ö0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ
ÝÞÖi×=ÝÞØ Ö0ßÖ0Ý ×ÙÖ0ßÖÖ Ö0ßÖâ Ö0ßÒÝÞâ ×ÙÖ0ßØØ ÝßÖÖ ×ÙÖ0ßÖØ Ö0ßÖØ ×ÙÖ0ßÖÖ Ö0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ
ÝÞØi×=ÝdÚ Ö0ßÖá Ö0ßÖ0Ý Ö0ßÒÝÞá Ö0ßÖã Ö0ßØÖ ×ÙÖ0ßÖØ ÝßÖÖ ×ÙÖ0ßØâ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖá Ö0ßÖÖ ×ÙÖ0ßÖÖ
ÝdÚ(×=ÝÞÛ ×ÙÖ0ßÖ0Ý ×ÙÖ0ßÖÖ ×ÙÖ0ßÖØ ×ÙÖ0ßÖ0Ý ×ÙÖ0ßÖá Ö0ßÖØ ×ÙÖ0ßØâ ÝßÖÖ Ö0ßÖÛ Ö0ßØ0Ý ×ÙÖ0ßÖÛ ×ÙÖ0ßÖEÚ
ÝÞÛi×=ÝÞÜ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ Ö0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ Ö0ßÖÛ ÝßÖÖ Ö0ßÒÝÞá ×ÙÖ0ßÖÜ ×ÙÖ0ßÖÛ
ÝÞÜi×ÙØÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ Ö0ßÖÖ ×ÙÖ0ßÖá Ö0ßØ0Ý Ö0ßÒÝÞá ÝßÖÖ ×ÙÖ0ßØ0Ý ×ÙÖ0ßÒÝÞá
ØÖi×ÙØØ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ Ö0ßÖÖ ×ÙÖ0ßÖÛ ×ÙÖ0ßÖÜ ×ÙÖ0ßØ0Ý ÝßÖÖ ×ÙÖ0ßÖâ
ØØi×ÙØÛ0ß Ú ×ÙÖ0ßÖ0Ý ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖÖ ×ÙÖ0ßÖEÚ ×ÙÖ0ßÖÛ ×ÙÖ0ßÒÝÞá ×ÙÖ0ßÖâ ÝßÖÖ
Ç<ÈÂÉÊ8"9$äp9:(
V+*0fCf;LiFu>@8;A,*0Jg>@8dfCAHÌ;*54\8da9L¦M9>5fC8;Au>5F ∆B(q2) :CGº:C8;LEg>@8dAcD¦9J9DiLEfC8d>5ABJ*8;ABLE:<*0jº
8d>5ABJ,LEK¹4}f/*0g 8da9L2fCL(>5FkK`>@8d>
$
OUa,L¦D0*0fCf;LEFB>@8dA1*0J9:<a`>(0L28;a9L2:d>@gLR5>@FB9Li:42*0f¼8;a9L345*_[me3
DE>5:;L³>5:U42*0fP8;a9L6*0J9L¦bAc8;a _[m43
©
bAc8;a9ABJ8da,Lﬁ·7*@8dLEK M9fCLEDEAc:;A1*0J
$
q2 Ï*ÐÒÑ·Ó
Ô
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØÖ ØÖi×ÙØØ ØØi×ÙØÛ0ß Ú
Öi×ÙØ ÝßÖÖ Ö0ßÒÝÞã Ö0ßáØ Ö0ßÒÝÝ ×ÙÖ0ßÖÛ Ö0ß ÚÆÛ Ö0ß ÚÚ Ö0ßÒÝÞá Ö0ßá0Ý Ö0ßØá Ö0ßÒÝÞá Ö0ßÖÖ
Øi×}Ú Ö0ßÒÝÞã ÝßÖÖ Ö0ßØ0Ý ×ÙÖ0ßÖã ×ÙÖ0ßØÜ Ö0ßá0Ý Ö0ßÒÝÝ ×ÙÖ0ßÖâ Ö0ßØá Ö0ßÒÝdÚ Ö0ßÒÝÞÜ Ö0ßáâ
Ú(×ÙÛ Ö0ßáØ Ö0ßØ0Ý ÝßÖÖ Ö0ßÛÛ Ö0ß ÚÆÛ Ö0ßÁàiÚ Ö0ßâÜ Ö0ßâØ Ö0ßâÛ Ö0ßáÖ Ö0ßÖEÚ Ö0ßÖEÚ
Ûi×ÙÜ Ö0ßÒÝÝ ×ÙÖ0ßÖã Ö0ßÛÛ ÝßÖÖ Ö0ßÁà(â Ö0ßâÜ Ö0ßÛà Ö0ßÛÖ Ö0ßâEÚ Ö0ßØà ×ÙÖ0ßÖâ ×ÙÖ0ßÖã
Üi×=ÝÞÖ ×ÙÖ0ßÖÛ ×ÙÖ0ßØÜ Ö0ß ÚÆÛ Ö0ßÁà(â ÝßÖÖ Ö0ßáØ Ö0ßâã Ö0ß ÚÆÜ Ö0ßáâ Ö0ßÒÝÞá Ö0ßÖEÚ ×ÙÖ0ßÒÝÝ
ÝÞÖi×=ÝÞØ Ö0ß ÚÆÛ Ö0ßá0Ý Ö0ßÁàiÚ Ö0ßâÜ Ö0ßáØ ÝßÖÖ Ö0ßÛà Ö0ßáà Ö0ßââ Ö0ßáÛ Ö0ßÖÜ Ö0ßÖâ
ÝÞØi×=ÝdÚ Ö0ß ÚÚ Ö0ßÒÝÝ Ö0ßâÜ Ö0ßÛà Ö0ßâã Ö0ßÛà ÝßÖÖ Ö0ßáØ Ö0ßÛØ Ö0ßáÛ Ö0ßÖÜ ×ÙÖ0ßÒÝdÚ
ÝdÚ(×=ÝÞÛ Ö0ßÒÝÞá ×ÙÖ0ßÖâ Ö0ßâØ Ö0ßÛÖ Ö0ß ÚÆÜ Ö0ßáà Ö0ßáØ ÝßÖÖ Ö0ß ÚÆÖ Ö0ßØÜ Ö0ßÖâ ×ÙÖ0ßÒÝÝ
ÝÞÛi×=ÝÞÜ Ö0ßá0Ý Ö0ßØá Ö0ßâÛ Ö0ßâEÚ Ö0ßáâ Ö0ßââ Ö0ßÛØ Ö0ß ÚÆÖ ÝßÖÖ Ö0ßâEÚ Ö0ßÖâ ×ÙÖ0ßÖÜ
ÝÞÜi×ÙØÖ Ö0ßØá Ö0ßÒÝdÚ Ö0ßáÖ Ö0ßØà Ö0ßÒÝÞá Ö0ßáÛ Ö0ßáÛ Ö0ßØÜ Ö0ßâEÚ ÝßÖÖ ×ÙÖ0ßÒÝÞÖ Ö0ßØá
ØÖi×ÙØØ Ö0ßÒÝÞá Ö0ßÒÝÞÜ Ö0ßÖEÚ ×ÙÖ0ßÖâ Ö0ßÖEÚ Ö0ßÖÜ Ö0ßÖÜ Ö0ßÖâ Ö0ßÖâ ×ÙÖ0ßÒÝÞÖ ÝßÖÖ Ö0ßÖÜ
ØØi×ÙØÛ0ß Ú Ö0ßÖÖ Ö0ßáâ Ö0ßÖEÚ ×ÙÖ0ßÖã ×ÙÖ0ßÒÝÝ Ö0ßÖâ ×ÙÖ0ßÒÝdÚ ×ÙÖ0ßÒÝÝ ×ÙÖ0ßÖÜ Ö0ßØá Ö0ßÖÜ ÝßÖÖ
pp
)2 (GeV2Unfolded q
0 5 10 15 20 25
2
) / 
2 G
eV
2
B
(q
∆
0
2
4
6
8
10
12
14
16
18
20
-610×
ISGW2
LCSR
FNAL
HPQCD
BK Fit to DATA
DATA
UÊ="%$"
Ë
(l^
>5fC8;Au>5F ∆B(q2) :;MNLED8df;,g¾ABJ p j9AcJ9:.*54 q2 $ OUa9L:Cg¹>5FcFBLif¬LEfCf>*0f¦j9>5f;:¨>5fCL
:=8?>@8;AB:=8dABDE>5F3*0J9FcGba9AcFBLl8;a9LWFB>5f;e0Lif?*0J,LE:>5Fc:>*¤AcJ9DEFc9K9LW:=G:=8dLig¹>@8;ABDW,J9DELifC8?>@ABJ*8dAcLE:
$
OUa9L
:/*0FBAcK®j9Fu>@D?µYDE9f=0L´:;a7*b:8da9L¶fCLE:;,Fc8@*54³8da9L¥698@*@48;a9L´ÃPÄ M`>5f;>5ghLi8dfCAB£E>@8dA1*0J8>*8;a9L
K9>@8?>
$
OUa9L¨K`>@8d>>5f;L¨>5Fc:>*DA*0gM9>5f;LiK¢8B*9J"ﬁ·9LiJ9D?a9LiK#&%³VPX DE>5FBDi9Fu>@8;A,*0J,:
'
å*),+.-0/21
©
#VUme3
DE>5FBDi9Fu>Æ8dA,*5J9:
'
å*521
©
>@J9K 8;a9L
ª
m9²76
p
ﬁ·`>@f;µ¢gC*K,LEF
'
å98ﬀ1
$
pD"
r7sutksyx\syx Eº~i|~§N.FHGJI ;
?>
;
=&>}
|{}

~
Ç<ÈÂÉÊK"%$qp0pL(
χ2 @>5FB,LE:>5J,K>5:;:/*DiAu>@8;LEKM9f/*0j`>5j,ABFBAH8dAcLE:.M2*0f³5>@f;A,*59:]%¨VPX D(>@FBDE,Fu>@8;A,*0J9:
DA*0ghM`>5f;LiK8B*)*09fbghL(>5:C9f;LiK q2 :CMkLiDi8;f;9g
©
M2*0fP8¼LEFc5LK,LEe0fCLELE:<*'MNM}f;LiLEK7*0g
$
:C8?>Æ8«Lif;f/*0f*0J9FHG :C8d>@8ﬃ2:CGº:=8«Lif;f/*0f;:
%¨VPX g;*ºK9LEF χ2 Prob(χ2) 
°
 χ2 Prob(χ2) 
°

ª
m9²76
p
' å98ﬀ1
¯
&%$
 
&%$&!&!&
°
"
Ë
$
¯
&9$O&
¯@ *°
Ã>5FBFyPkbABD?µ*G
' å*521

 
$q 
¯
$.
°
p9$
Ë Ë
!$äp
°
_K«ZV# ' -0/21

¯
$RQ p'&%$OQ
°
!!$S
Ë*¯
$O&
°
¸¬^
%¨VPX
' å*)21
'!$
¯ Ë
%$S
°
S%$
Ë  5 
$OS
°
OUa9L χ2 M9f>*5jUT5j7V1W,V1X>VBLAYIaUT(0LWjNLELAZ\[0T'W,[i7W]T^X;L0_f>`AW]T^X>Vc!`@XB*Xda7` j7V1Z7Z7`0_a_UT^XBTf>`AY;7WbX
_%V,Y;M%W]Tdc!`A_V1Z¶_eVBe
$#"%$"
Ë
M2*0f2^T5f/V,*07Y5Xda7`A*0f>`fXBV,[0T'WÂM,f>`0_%V,[AX>V,*!Z%Y
©
[A*!Z7Y>V1_7`Ef/V,Z9eL*'Z7W1cg`ÌM8`Ef>Vy
gC`0ZhXBT'W7`EfCf>*0f/Y
©
T^Yi_7`0Y/[Ef>Vcj `A_)V,Zhm9`A[AX
$k"9$O"%$S%$@ª
ZhONT5j7W1`
"%$qp0p
l`Re'Vc!`mX;a7`P^T'WB%`0YK*'M χ2 T'Z7_
X;a7`0Vcf<T'Y>Y/*9[AV]T^X>`0_M9f/*0jUT5j7V1W,VbXBV,`AYlM2*0fmX;a7`nM2*09f<_7V	o`if>`0ZhXbgC*9_%`0W,Y
$
6p`q*5j%XrT'V1Z P (χ2) 
 
Q
°
M2*5f
¸«^
%¨VPX
'
å*)21
©
Ë·¯5°
M2*0f¹_e«Z7#
'
-0/21T'Z7_
Ë

°
M2*0f #VUme3
'
å*521
$
OUa7`
ª
m9²76
p
ﬁ·UT5fCµ
gC*_7`0W
'
å98ﬀ1
©
P (χ2) 
&%$&
 *°
©
V1Y?[AW,`dT@f>W1csV1Z7[0*5gMUTtXBVBj%W,`¢<V1X;au*09f;_UT^XBT
$
Z g;*0f/`v_7`fwUZ7Vy
X>Vc'`x[?a7*'V,[0`JT5gC*!Z9e)Xda7`³f>`ig?T'V1Z7V,Z,eC[0T'W,[i7W]TtXBV,*'Z7YUgI7YX.T(+T'V1X:T;YC9j7Y/XBT'ZhXBV,T'WyV,Z7[if>`dT^Y>`JV1Z
YXrT^X>V,YXBV,[AY
$
r7sutksyx\s1z TVU7|

;5|{}

o |Vub|
6p`{`ÌX;fBT'[fX |Vub| M}f/*0g Xda7`{|7T5f/X>V]T'W³ÃP_UY ∆B(q2) 7Y>V1Z9e\X;a7`¤f>`AW]T^X>V,*!Z² |Vub| =√
∆B(q2)/(τB0∆ζ)
©
ba7`if>` τB0 = 1.530 ± 0.009 |%Y ' å1 V,Y3Xda7` B0 W1V1M2`fXBVBgC`6T'Z7_ ∆ζ =
Γ/|Vub|2 V1YXda7`qZ7*0fCg?T'W1VB£A`0_@|UT5fXBV]T^W#_7`0[0Tdcnf>T^XB`6|9f/`0_7V1[AX>`0_ljhc@Xda%`qM2*0fCg§}M~T'[AX>*0fm[0T'W,[i7W]TÆ
X>V,*!Z%Y
'
å98

-0/,+uæ~0)21
~Y/`0`hm9`A[AX
$o"%$"%$1d&

$
»Ì9[AWB7_7V1Z9e?X;a7`
ª
m9²76
p
g;*_7`AW
©
Xda7`¡^T'Wc7`0Y:*'M |Vub|
e'Vc!`AZ?V1ZhONT5j7W1`
"9$äp'"
fBT^Z9e!`M}f>*0g (3.6−4.1)×10−3 $ Z:W,W9Xda7`AY>`«^T'Wc7`0Y<aUT(!`3XB*³j `3[0*'Z7Y>Vy
_%`Ef>`A_Y>V1Z7[0`x*09f:[i9f;f/`0ZhXn`ÞÌ%|8`Ef/VBgC`0ZhXrT^WNY/`0Z7Y/V1XBVHV1Xc-_7*`0Y:Z%*'XnT'W1W,*T;_7`AwUZ%V1XBVH!`x[?a7*!V,[A`
T@g;*!ZhXKX;a7`[0*5f;f>`AY>|8*!Z7_7V1Z9e6[dT'W1[E7W,T^XBV1*!Z7Y
$
_U*0feX;a7`UgC*!Y/Xf/`0[0`AZhXBW1cJ|99j7W1V,YCa7`0_§7Z"ﬁ·7`AZ7[?a7`A_
#&%¨VPX[dT'W1[E7W,T^XBV1*!Z
'
å*)21
©
l`6*0j%XrT^V,Z  
|Vub| 
(
4.1± 0.2stat ± 0.2syst+0.6−0.4FF
)× 10−3 $
p
Ë
Ç<ÈÂÉÊ%"%$qp'"n(
T'WB%`0Y*'M |Vub| _7`Ef/Vc'`0_?M}f/*0gXda7`3M2*0f;gM~T^[AXB*5fi[dT'W1[E7W,T^XBV1*!Z7Y $ OUa7`:w`f/Y/XX+*
%Z7[0`if/XrT^V,ZhXBV1`0YnT5f/V,Y/`JM}f>*0gXda%`Y/XrTtXBV,YXBV1[dT'WNT'Z7_Y/cYXB`Eg;T^X>V,[I7Z%[0`EfXrT'V1ZhXBV,`AYn*'MiXda%`|UT5f/X>V]T'W
Ã_ŁY
©
f>`AY>|8`0[fXBVc'`0Wbc
$
OUa7`X;a7VBf/_¥7Z7[0`if/XBT'V,ZhXc[A*0g;`AY.M}f>*0gXda%`h%Z7[0`if/XrT^V,ZhXBV1`0Y.*!Z ∆ζ _97`
X>*Xda7`6[dT^W,[E%W]T^X>V,*!Z7Y
$
q2  GeV2/c4  ∆B  10−4  ∆ζ  ps−1  |Vub|  10−3 
ÃmT'W1WHPk<V1[?µhc
'
å*521 < 16 1.09± 0.06± 0.07 5.44± 1.43 3.6± 0.1± 0.1+0.6−0.4
¸«^
%¨VPX
'
å*)21
> 16 0.38± 0.04± 0.03 1.46± 0.35 4.1± 0.2± 0.2+0.6−0.4
_e«Z7#
'
-0/21 > 16 0.38± 0.04± 0.03 1.83± 0.50 3.7± 0.2± 0.2+0.6−0.4
Z
^

'
æ~0)21 > 16 0.38± 0.04± 0.03 1.80± 0.86 3.7± 0.2± 0.2+1.4−0.7
ª
m9²76
p
'
å98ﬀ1
&(,p
 
$
Ë
1.46± 0.07± 0.08 9.6± 4.8 3.2± 0.1± 0.1+1.3−0.6
p
¯
r7s1 G

N~(~@;@;t7~
6p`¬aUT('`:|8`Ef/M2*5f;gC`0_§'T@f>V,*57Y[Ef>*'Y>Y=[?a7`0[?µkYXB*³g;T5µ'`3Y;9f/`5X;aUT^XXda7`Rf>`AY;7WbXBYmT^Z7_;X;a7`0Vcf
%Z7[0`if/XrT^V,ZhXBV1`0YmT@f>`3Y>`0WbMu[A*0a7`Ef/`0ZhX
$
OUa7`¬a%VBe0a;Y/XrTtXBV,YXBV1[0Y|9f>*V,_7`A_¢jhc?*59flX>`0[?a7Z7V
ﬁ·7`nT'W1W,*
%Y=X>*5YCa7*XdaUT^XyX;a7`Ef/`lV1Y\e'*9*_qT5e0f>`A`EgC`0ZhX\j `fX+`A`0Z_UTtXrT3T'Z7_qY>VBg¡7W]T^X>V,*!Z.M2*5fyX;a7`[Ef/V1XBV1[dT'W
^T5f/V]T5j%W,`0YxV,Z{Y/VBe!Z7T'Wl_%`0|7W1`AXB`A_
©
Y/VBe!ZUT^Wl`AZ9aUT'Z7[A`0_
©
b → u`ν `AZ9aUT'Z%[0`0_T'Z%_[0*!ZhXBV1Z·99g
[A*!ZhXdf/*!W7YBT@g;|7W1`0Y
$
V+*!Z7Y/V,Y/X>`0ZhX<f>`AY;7WbXBYT5f>`*5j%XrT'V1Z7`0_)`AV1Xda%`Ef[jhc_7VH9V1_7V,Z,e:Xda7`mw7ZUT'WU_UT^XBT'Y>`fX
V1ZhXB*Y;9jºYBT@g;|7W1`0Y)*0f§7Y/V,Z9e´g;*_7VbwU`0_j7V1Z7Z7V1Z9e!Y)*0fgC*9_7VbwU`0_s`!`0ZhX?Y>`0W1`0[fXBV,*'Z7Y
$
OUa7`AY>`
[if>*!Y/Y=[?a7`0[?µkYnT5f/`¦a7*+`!`if:Z7*'X<V1ZhXB`0Z%_7`0_-XB*)`0YXBVBg;T^X>`nY/cY/X>`Eg;T^XBV1[¦7Z7[0`if/XBT'V,ZhXBV1`0Y
$
r7s17sSR I

|
j%
G ;0
±Ł\9
{Ù~i

~
6p`[0*0gC|UT5f/`0_X;a7`_UT^XBTLT'Z7_´TWV_7V,YXdf/VBj9%X>V,*!Z%Y:*'Mµ^`Acﬁ·UT'ZhX>V1XBV1`0Y.*^MX;a7`)T'ZUT^W1cY>V1Y
TtMXB`Ef+T'W,WŁY/`0W,`A[AX>V,*!Z7YmT'Z7_H[A*0f;f/`0[AX>V,*!Z%Y
$
OUa%`.[0*0gC|UT5f/V,Y/*!Z7Y+|,f>`0Y/`0ZhXB`A_@V,Zm9`A[AX
$7"%$.%$b!$1
T'Z7_
"9$q%$b!$qp
+`if>`g;T'_7`¡ba%V,W,`qXda7`)T^ZUT'W1cY/V,Y¬+T'YnY/X>V,W1Wµ^`0|%X¨j7W1V,Z7_
å4
$
OUa7`)[A*0g;|7T5f>V1Y>*!Z7Y5|9f>`Þ
Y/`0ZhXB`A_;V1Zhm9`0[fX
$h"9$q%$b!$"
+`if>`bg;T'_7`T^MX>`EfeX;a7`<T'ZUT^W1cY>V1YÂaUT'Y[j8`0`AZ§7Z·j7W,V1Z7_7`0_
$
OUa7`*!`ifBT'W1W
T@e0f>`A`EgC`0ZhX3V,YP!`if/ce!**_
$
ª
Z_NVBe!Y
$y"%$O"
¯
©y"%$"hQ
T'Z%_
"%$"!S,©
l`?[0*5g;|UT@f>`0_ ﬁ·UT'ZhXBVbXBV1`0Y³f>`0W,T^XB`A_pX>* SY>VBe'ZUT'Wi[dT^Z
_%V,_UT^X>`0Y  =Xda7`?[Ef;%[0V]T^W ∆E
©
mES T'Z%_ q˜
2
T'Y¡l`0W1WmT'YJX;a7`HW1`0|%X>*!Z¤gC*0g;`AZhXd9gT'Z7_{X;a7`
|%V,*!Z;T'Z7_CW,`A|%XB*!ZC|8*!W]T5fT^Z9e!W,`<V1ZCX;a7`5W,T5j8*0fBT^X>*0f/cxM}fBT5gC`
$
_NVBe!Y
$h"%$"
 
©k"%$"0
T'Z7_
"9$
Ë
&
Y;a%*
X:T^XrTLE5TWV[0*0gC|UT5f/V,Y/*!Z7Y)*'Mn`!`0ZhX¢^T5f/V]T5j%W,`0Y
©
ZUT5gC`0Wbc θMiss
©
PMiss
©
X;a7`vZ·9gIj8`EfC*'M
²¦ON#sXdf>T'[?µkY
©
Xda%`Zº,gIj `if6*'MVmT'W,*0f>5`i%Xdf>T'W <TWV j,9g;|%Y
©
X;a7`[?aUT5fCe!`0_`0Z7`if;e'cT'Z7_
X;a7`mZ7`i%Xdf>T'W%`AZ7`EfCe'c
$
OUa7`0Y/` ﬁ·UT^ZkX>V1X>V,`0YeT5f>`+*'MŁV,Z7_%VBf>`A[AXeV,ZhXB`if>`0YXY>V1Z7[0`+X;a7`Acx[dT^Z;T	o`A[AXKX;a7`
Z%`E%X;f>V,Z%*hf/`0[A*!Z7Y/X;f;7[fXBV1*!Z ba%V,[?a-V,ZLXd9f/Z7Y5T	o`A[AX>Y<X;a7` ∆E T^Z7_ mES _7V,YXdf>Vcj9%X>V,*!Z7Y
$
3*'X
YC9f>|,f>V,Y/V,Z9e'W1c
©
+`qZ7*'X>`.XdaUTtXXda7`6Z·9gIj8`Ef<*'M»VmT'W,*5fB5`i%Xdf>T'W7j9,g;|7YV1Y|j**0f/W1c;Y>VBg¡7W]T^X>`0_
$
OUa%V,Y3V,Y3Thl`0W1WHµkZ7*<Zg`	j`0[AX3Xda7T^X:|,f>VBg;T5f/W1c;[0*0gC`0Y<M}f>*0g j7T'[?µ·e0f>*0%Z7_|9a7*^XB*!Z7Y3*'M»'`Efc
W1*u`0Z%`Ef;e^c
$º¸
*l`i!`if
©
*09flT'ZUT'Wbc9Y/V,Yi_7*`0YZ7*'X_7`A|j`AZ7_H_7Vcf>`A[AXBWbc*!Z)Xda7`3Z·9gIj8`Ef*'MZ<TWV
j,9g;|%Y
$
Zg;*5f>`<f>`0W1`i^T'ZhX ﬁ·UT^ZkX>V1XcxV,Y=Xda7`lZ7`E%X;fBT'W9`0Z7`if;e'c  Xda7`mYC9g*'M8T'W,WVmT'W1*0fB3`E%X;fBT'W
j,9g;|%YE¿U`0Z%`Ef;e^c
©
ba7V1[?agV1YP+`AW,WY>VcgI7W,T^XB`A_
$
ç/ì=ì(ì>öCü@ýü(ü ý y÷A¡wï÷A¡Ùì[õì=öÀîú.ñäí#¡ÙìCûiîf¡Àõú¿û÷ô¡Ł¢~£ñqú Æõ2îÆîÞñO¤í½úäí¥Âð¡Ù÷D=ìCõô¡Àìü
p
 
r7s17sSRosSR G¡
±Ł\9
{½~E

o«U¦ @

º~E
`
;0
\
|
 W
{ |j;0

|{
<=&= 
G
6p`<[0*0gC|UT5f/`0__7V1Y/Xdf/VBj99XBV,*'Z7Ye*0j9XrT'V1Z7`0_<V1X;aXda7`<[A`0ZhXdf>T'W7[0*'Z%w`e09f>T^XBV1*!Z*'M8Xda7`[A*!ZhXBVy
Z·9,g TWV§Y>VcgI7W,T^XBV1*!Zl<V1X;aXda7*!Y/`;*^MlX;a7`)*[	N f>`AY>*!ZUT^Z7[0`C_UT^XBT@[A*!ZhXdf/*!WiYBT5gC|7W1`
©
V1ZX;a7`
`AZhXBVBf/` ∆E  mES w%X¼f/`Ee!V1*!Z
$
Z5YY;a7*<ZHV1Z_NVBe!Y
$!"%$"
¯
T'Z7_
"%$O"
 
©
Xda%`5T@e0f>`iggC`0ZhXj8`AXl`0`0Z
_7T^XrT)T'Z7_lTWV¨V,YP!`if/ce!**_
$
r7s17sSRoscv G¡
±Ł\9
{½~E

o

@

º~E
\9
;0

|
W
{}| 
=&>ﬀ>x
G ~({
 =&>½
|{½

{

|\W~({

oA
9
~ho
∆E 9 mES
6p`L[0*0gC|UT5f/`0__7V1Y/X;f>VBj,%XBV1*!Z7Yq*0j%XrT^V,Z7`A_¤<V1Xda{X;a7`H[A`0ZhXdf>T'Wm[0*'Z%w`e09f>T^XBV1*!Z*'MX;a7`LY>Vy
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∆E < −0.16 GeV ¸r¹ ∆E > 0.20 GeV ¸·¹ mES < 5.2675 GeV/c2
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W1*9*'Y>`0Z cos θ` cos θ` > −0.938 + 0.0994 · q˜2 − 0.00384 · q˜4 − 0.1 T^Z7_ cos θ` < 0.95
X>VBe0ahX>`0Z cos θ` cos θ` > −0.938 + 0.0994 · q˜2 − 0.00384 · q˜4 + 0.1 T^Z7_ cos θ` < 0.75
W1*9*'Y>`0Z cos θthrust cos θthrust < 0.460 + 0.0576 · q˜2 − 0.00215 · q˜4 + 0.1
X>VBe0ahX>`0Z cos θthrust cos θthrust < 0.460 + 0.0576 · q˜2 − 0.00215 · q˜4 − 0.1
W1*9*'Y>`0Z θmiss θmiss > (0.512− 0.0162 · q˜2 + 0.000687 · q˜4 − 0.1) rad T'Z%_ θmiss < 2.8 rad
X>VBe0ahX>`0Z θmiss θmiss > (0.512− 0.0162 · q˜2 + 0.000687 · q˜4 + 0.1) rad T'Z%_ θmiss < 2.6 rad
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W1*9*'Y>`0Z Prob(χ2) Y Prob(χ2) Y > 0.04
YCg?T^W,W,`if ∆E  mES |7W,T'Z7` −0.8 < ∆E < 0.8 GeV T'Z7_ 5.21 < mES < 5.29 GeV/c2
W,T5f;e'`Ef ∆E  mES |7W,T'Z7` −1.2 < ∆E < 1.2 GeV T'Z7_ 5.17 < mES < 5.29 GeV/c2
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B(B0 → pi−`+ν)  (1.46± 0.07stat ± 0.08syst)× 10−4
αBK  0.52± 0.05stat ± 0.03syst
|Vubf+(0)|  (9.6± 0.3stat ± 0.2syst)× 10−4
|Vub| 
(
4.1± 0.2stat ± 0.2syst+0.6−0.4FF
)× 10−3
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_%V,_UT^X>`0YI<VbXdasZ7*!Z £0`if>*[?aUT5fCe!`
©
|%V,*!Zg;T'Y>Yahc|j*^Xda7`AY>V,YCT'Y/Y>Vce!Z7`0_
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¬
T5j7W1`
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*'X;a7`EfW1V,Y/X>Y
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jUT'Y>`A_g*'Z-X;a7`nM2*!W,W1*<V1Z9eY/`0W,`A[AX>V,*!Z@[Ef/V1X>`Ef>V,T  
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g?TÆÌ9VcgI9gÞ_%V,Y/XBT'Z7[A`v*'M:[0W,*'Y>`0YXLT'|%|9f>*hT^[?a XB*Xda7` j8`dT5gßY/|j*'X;[0`AZhXB`Ef;V,ZXda7`Ìc
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 DOCAxy 
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g?TÆÌ9VcgI9g_7V,YXrT'Z%[0`*'M[0W1*!Y>`AY/X6T^|7|9f>*!T'[?aXB*HXda%`j `0T5gàY/|j*'X.[0`0ZhX>`Ef6V,ZX;a7`I£_7Vy
f>`0[fXBV1*!Z  DOCAz 
(
g?TÆÌ9VcgI9gÍg;*0gC`0ZhX;9gV1ZD#wZ¬Ã©M}f>T5gC`  pLAB 
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g;V1Z7VBgI,g¼X;fBT'Z%YC!`if>Y/`¡gC*0g;`AZhXd9g  pt 
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g;V1Z7VBgI,gáZ·9g¡j `if3*^M»X¦V
¸
a7VbXBY( #DCH 
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s V1Y5X;a7`JM2*09fégC*0gC`0ZhXd9gãYC9gÈ*'MiXda7`J[0*!W1W,V,_%V,Z9e e+ T'Z7_ e− j `0T5g;Y
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T^Y.|9f>*V,_%`0_
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Ptot V,Y.Xda%`M2*09f= g;*5g;`AZkX;9gY;9gà*'MlT'W,Wf>`0[A*!Z7YXdf;%[AXB`A_²
¬
#Xdf>T'[?µkYxT^Z7_VmTÆ
W,*0f>5`E9XdfBT^Wój99gC|7Y
©
V1XBY`AZ7`EfCe'c@[0*5g;|8*!Z7`AZkX<V1YUf>`fM2`Ef;f/`0_-XB*CT'Y Etot
ä
(
Pmiss V,YyXda%`gCV,Y>Y/V,Z9ebgC*0gC`0ZhXd9gåM2*59f=À!`0[fXB*0f
©
_%`AwUZ7`A_)T'Y Pmiss ≡ (~pmiss, |~pmiss|)
p^"*p
<V1Xda ~pmiss = ~s− ~ptot $ ÃcHY>`fX>X>V,Z9eX;a7` Pmiss `0Z7`if;e'c;XB* |~pmiss| © Pmiss V1YPg;T'Y>Y/W,`0Y/Y
jkcH[0*!Z7YXdfC7[AX>V,*!Z
$U¬
a%V,YUgC`AXda%*9_e!VH!`0Y3TgC*0f>`6T'[A[E9f>T^XB`6`AY/XBVcg?TtXBV,*'ZH*'M=Xda7`6Y>Vce!ZUT'W
Z7`E%X;f>V1Z7*M2*09f=À!`A[AXB*5f<X;aUT'Zjhc@Y>`fX>XBV1Z9e Emiss = senergy − Etot $
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*Wf>`A[0*!Z%Y/XdfC7[AX Ptot T'Z%_pXda%`?*'X;a7`EfqM}7W,Wy`i'`0ZhX(ﬁº7T'ZhXBV1X>V,`AY
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+`7Y>`?X;a7`VmT^W,*0f>5`Eº
X;fBT'WoY>`0W1`0[fXBV,*'Zg*'M <TWVÅj9,g;|7YV1Z7Y/X>`dT'_-*'Mg;*5f>`nY/X;f>V1Z9e!`0ZhX3Y>`AW,`A[AXBV1*!Z7Ybj8`0[dT@7Y>`q*09fRTWV
YXd7_%V,`0YYCa7*«X;aUT^XVbXmcV,`0W1_7YPgC*0f>`:|9f>`A[0V,Y/`¦g;`0T'Y;,f>`EgC`0ZhX>Y3*^M=X;a7` B(B0 → pi−`+ν) T'Z7_
f+(q
2) Y;a7T'|j`|7T5fBT5gC`AX>`Ef/Y
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6¨V1X;aY/X;f>V,Z,e!`0ZhXY<TWVY/`0W,`A[AX>V,*!Z7Y 2`
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$ŁæJç
ÏIÃZ¬X
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XB**
g¡7[?aWf>`0T'Wy|9a7*'X>*!Z7Y:T5f>`f>`*\/`A[AX>`0_
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ba7V,[?alf>`0YC7W1X>Y:V1ZT'_7_%V1XBV1*!ZUT'Wóg;V1Y>Y>V1Z9eC`0Z7`if;e'c@Xda7T^X:V1Y
Z%*'X<[0*0gCV,Z,eM}f>*0gX;a7`6Y>Vce!ZUT'W#Z%`E%X;f>V,Z%*
$7¬
a7`6[0*'Z7Y>`ﬁº%`0Z7[A`0Y.*'MÂ7Y>V1Z9eXBVce0ahX³<TWVÅj99gC|
Y/`0W1`0[AX>V,*!Z%YHT5f/`vXda·7Y?X;aUT^XHX;a7` ∆E T^Z7_ mES YCaUT'|8`_7V	o`if>`0Z%[0`0Yj8`AXl`0`AZ¨Y>VBe'ZUT'W5T'Z7_
j7T'[?µ·e0f>*0%Z7_vT@f>`.W1`0Y>YYCaUT5f/|gT^Z7_LXda7`nY/`0|UT5f>T^XBV1*!ZL*'MyXda%`nY>VBe'ZUT'WjM}f/*0g¼Xda7`¦jUT^[?µºe5f>*07Z%_-V1Y
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a7`.M2*'W,W,*<V1Z9exX>`Ef;gCV,Z%*!W,*0e^c)V,Y%Y>`0_@Xda,f>*09e5a7*0%XlXda7V1Ym_7*[E9gC`0ZhXXB*J_7`0Y/[Ef>Vcj ` B0 →
pi−`+ν _%`0[dTdcY
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Y f>`0|,f>`0Y/`0ZhXBYlT.wU[AX>Vc'`|UT5f/X>V,[AW,`¼ba%*!Y>`M2*09fégC*0gC`0ZhXrT:V1YKXda7`P'`0[fXB*0f/V]T'W7YC9gº*^MjX;a7`
|7V,*!ZT^Z7_pW1`0|%X>*!ZM2*09fégC*0g;`AZhXrT  PY = Ppi + P`
©
Y>*@XdaUTtX B0 → pi−`+ν [0*0%W,_
j `¦bf>VbX>X>`0Z-T'Y B0 → Y ν ä
(
q2 gC`dT^Z7Y+`AV1Xda%`EflX;a7`5X;f;7` q2 V1Z?VbXBYlX;a7`0*5f>`AX>V,[0T'WjY/`0Z7Y/`.*0fXda7`.`ÞÌ9|j`if>VBgC`0ZhXBT'Wo7Z%M2*!Wy
_7`0_ q2 ba7V1[?agV1YV,Z@|9f>V1Z7[0V1|7W,`:` ﬁ·7Vc^T'W1`0ZhXXB*X;a7`nXdf;%` q2
ä
(
q˜2 gC`dT'Z7YLX;a7`f/`0[A*!Z7Y/X;f;7[fXB`A_ q2
$Uª
Xg_7V	o`if>YLM}f>*0g Xda7`XdfC7`­T^Z7_ 7Z9M2*!W,_7`A_ q2
j `A[dT57Y/`x*^Me`ÞÌ%|8`Ef/VBgC`0ZhXrT^W77Z7[A`Ef/XBT'V,ZhX>V,`0Y
$
ª
Z?T'_7_7VbXBV,*'Z
©
Xda%`3YcºgIj *'W,Y Xu T'Z7_ Xc T5f/`R%Y>`0_;XB*³f>`0|,f>`0Y/`0ZhXm*'Z7`5*5fY/`i'`EfBT^Wj[?aUT@f;g
W1`0Y/Y3*5f[?aUT5f;gC`0_ gC`0Y>*'Z~Y
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a7`Z7*5g;V1ZUT'W'Y/VBe!Z7T'W'`ÞÌ9X;fBT'[fXBV1*!Znw7Xy|UT5f>T5g;`fXB`if>Yw7Y/`0_qV,ZnXda7` 


Ë
*'MXda7V1Y_7*9[i9gC`0ZhX
l`Ef/`  
p^"!"
(
M2*09f.[0T^XB`ie!*0f>V1`0Yn*'M`!`0ZhX>Y  B0 → pi−`+ν Y>Vce!ZUT'WiT^Z7_ b → u`ν © *'Xda%`Ef BB T'Z%_
[0*!ZhXBV1Z·99g jUT^[?µºe5f>*07Z%_7Y
ä
(!
j7V,Z7Yi*^M q˜2 V1Zba7V,[?a)Xda7`Y/VBe!Z7T'W7Y>[0T'W,`M~T'[fXB*0f/YT5f>`w7X/XB`A_;V1Z7_7`0|8`0Z%_7`0ZhXBWbcj9%XX;a7`
jUT'[?µ·e0f>*57Z7_7Yi¿7Y>[0T'W,V1Z9eJM~T'[fXB*0f/YmT5f/`.[0*!Z%Y/Xdf>T'V,Z%`0_HXB*¡j `:X;a7`nYBT@g;`
©
M2*0f+TJXB*'XBT'W8*'M

Ë
M}f>`0`6|UT@fBT5gC`AX>`Ef>Y
ä
(
<V,_%X;a-*^MNX;a7`
D&
w`f>YX«j%V,Z7Y  2.376 GeV 2/c4
ä
(
<V,_%X;a-*^MNX;a7`6W]T'YXbj7V,Z  2.64 GeV 2/c4
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mXBT5f/X>V,Z9exM}f>*0g¼Xda7`AY>`6|UT5f>T5gC`AXB`if>Y Xda7`if>`0T^MXB`ifUf>`AM2`if>`A_@X>*)T'Yl4YXrT'Z%_UT5f>_ºY>Vce
!
 7W,Z
&%

j,j
&%
[0*!Z
&9
9
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l`6*!|%XBVcg;Vc£0`A_;Xda%`nZº,gIj `if*'M q˜2 j7V1Z7YT'Z%_@X;a7`nZ·9gIj8`Ef*'M=V1Z7_7`0|8`0Z%_7`0ZhX
Y/[dT'W1V,Z9e.M~T^[AXB*5f>YKM2*0fKX;a7`bjUT'[?µ·e0f>*57Z7_7Y
$
6­`3T'W1Y>*.Xdf/V,`A_C_%V
	j`Ef>`AZhX q˜2 j7V,Z%Z7V,Z9e'YKV,Zba7V1[?aCX;a7`
<V1_%Xda­*'MmXda%`?W]T^Y/Xj7V,Z{V1YgC*_7V1wU`A_
$
6­`;[0*!Z%Y>`Ef=!`A_sX;a7`HY>T5g;`)M2*09fx[dT^X>`Ee!*5f>V,`AYJ`!`0ZhX>Y
$
¬
a%`q`AZhXBVBf/`6Y/Xd%_%cmT^Y3_%*!Z7`¨7Y>V1Z9e)Y>VcgI7W]TtXB`0_@_UTtXrT*!Z7Wbc
$
6p`?*!Z%W1c[0*'Z7Y>V1_7`Ef/`0_­X;a7`?_7*5g;V1ZUT'ZhX6Y>*0,f>[0`AY*'MU%Z7[0`if/XrT^V,ZhXcM2*0fqX;a7`?*'|%XBVcg;Vc£dT^X>V,*!Z
|,f>*[0`0Y/Y
$K¬
a%`0Y>`7Z%[0`EfXrT'V1ZhXBV,`AYT5f/`  eYXrT^X>V,Y/X>V,[0T'W
©
B → ρ`ν Z  T'Z7_Z p M2*0f;géM~T'[fXB*0f/Y ©
b → u`ν ÃP_ © D → KL X ÃP_ © q˜2 Y>|8`0[fXdfC9gê*'MXda7`[A*!ZhXBV1Zº,9g © T'Y2+`AW,WiT^Y.XdfBT^[?µV1Z9e
T^Z7_ <TWVª`fë;[AV,`AZ7[0V1`0YV,ZHX;a7`.M}7W1WH`!`AZkXPf>`0[A*!Z7YXdf;%[AXBV1*!Z
$9¬
a7`6[0*!ZhXBV1Z·99gìcV1`0W,_HT'Z7_@Y>Vy
e'ZUT'WjM2*5f;g¼M~T'[AX>*0fmY/cYXB`Eg;T^X>V,[27Z%[0`EfXrT'V1ZhXBV,`AYP+`if>`6T'W1Y>*[A*!Z7Y/V,_7`if>`0_-`i'`0Z@V1MyX;a7`AcHT5f>`.Z%*'X
_%*0g;V1ZUT'ZhX
$¬
*v`0T'Y>`CXda7`C*!|%X>VBgCVB£0T^XBV1*!Z|9f/*9[A`0Y>Y
©
*!Z%W1c
¯
&
_7V
	j`Ef/`0ZhXxYBT5gC|7W,`AY³l`Ef/`¹7Y/`0_
X>*@`0Y/X>VBg;T^XB`xXda7` b → u`ν ÃP_ © D → KL X Ã_ªT^Z7_ q˜2 Y>|8`0[fXdf;,gê*'MXda7`[A*!ZhXBV,Z·9,g
YcY/XB`ig?TtXBV,[¬7Z7[0`if/XBT'V,ZhXBV1`0Y
$9¬
a7` B → ρ`ν T'Z7_LY/VBe!ZUT^WŁM2*5f;g¼M~T'[AX>*0fmT'Y<+`AW,WoT'Y+Xda%`.[0*!ZhX>VH
Z·9,gìcV,`AW,_¢7Z%[0`EfXrT'V1ZhXBV,`AY¼l`Ef/`n`0Y/X>VBg;T^XB`A_7Y>V1Z9e*!Z%W1cC*!Z7`.Y>T5gC|7W,`Rba7`Ef/`.Xda7`2f/`0W1`i^T'ZhX
|7T5fBT5gC`AX>`Ef5V,Y«^T5f/V,`A_ljhcv*'Z7`Y>Vce0g;T
$Ł¬
a7`Y/XBT^XBV1Y/X>V,[dT^W\%Z7[0`if/XrT^V,ZhXcn+T'Yn`AY/XBVcg?TtXB`0_-M}f>*0g
¯
&
YXrT^X>V,YXBV,[0T'W,WbcCV,Z7_7`A|j`AZ7_7`AZkX
¬
¿í
_UTtXrT)T'Z7_lTWVªY>T5gC|7W,`AY
$
6p`m*!|%X>VBgCVB£A`0_xX;a7`mY/VBe!ZUT^W`ÞÌXdfBTtXBV,*'ZJw7Xi|UT@fBT5gC`AX>`Ef>YjUT'Y/`0_)*!ZJX;a7`bTWV{`0YXBVcg?T^X>V,*!Zq*'M
X;a7`lX>*'XrT^W B(B0 → pi−`+ν) %Z7[0`if/XrT^V,ZhXBV1`0Y $Æª ZIe!`AZ7`Ef>T'W © VbX+T'YeM2*0%Z7_JXda7T^XNX;a7` f+(q2) |UT
f>T5gC`AXB`if>Yi¿57Z7[A`EfXrT'V1ZkX>V,`AYKT5f/`mZ7*'X»'`EfcY>`AZ7Y>VbXBVH!`+X>*.Xda7`mY/VBe!Z7T'W9`ÞÌXdfBT^[AXBV1*!ZJw7XK|UT5fBT@g;`fXB`Ef/Y
T^Z7_-X;a·7YU+`if>`qZ7*'Xb7Y/`0_gM2*5fmXda7`6*!|%X>VBgCVB£0T^XBV1*!Z
$
Z5YHTpw`f/Y/X?Y/XB`A|
©
+`WgC`EfCe!`0_Xda7`g*0f>Vce!V,Z7T'WPj7V1Z7YLî
D&
T'Z7_¨î
!
V,ZhXB*­TpY>V1Z9e!W1`nj7V1Z
[A*0f;f/`0Y/|j*!Z%_7V,Z9eXB* 21.384 GeV 2/c4 < q˜2 < 26.4 GeV 2/c4
$
6­`g*0j7Y>`ifC'`0_uXda7T^X?X;a7`
%Z7[0`if/XrT^V,ZhXBV1`0Y*!ZLXda%`.XB*'XBT'W#Y>Vce!ZUT'W8cV,`0W1_
©
X;a7`nXB*'XBT'WoY/VBe!Z7T'WwÃP_T'Z%_-X;a7` f+(q
2) |UT5fBT@g;`Þ
p^"
Ë
X>`Ef αBK T5f>`LT^W,WY>W,Vce0ahXBWbcf/`0_9%[0`0_<V1X;a{Xda7V1Y[0*'Z%w`e09f>T^XBV1*!ZXda7`if>`dTtMXB`Eff/`AM2`if>`0_X>*T'Y
=m9VBe*TvTÆÌ
S!&
Y>VBe
D&
%W,Z
&%
j9j
&9
[A*!Z
&%
*
$k¬
a7V1Y:[dT^Z¥j `xY>`0`AZM2*0f3X;a7`ÃP_aV,ZgX;a7`Jw`f/Y/X5X+*
W1V,Z7`AY:*'M
¬
T5j7W1`
"%$qp5%$k¸
`AZ7[0`
©
+`YXrT5fXB`A_M}f>*0gXda7`m9VBe·TgTÆÌ
S!&
Y/VBe
d&
7W1Z
&%
 j9j
&%
[0*'Z
&%
[A*!Z%w`e59fBT^X>V,*!ZLM2*0fmX;a7`nZ7`ÞÌ9X5*!|%X>VBgCVB£0T^XBV1*!Z?YXB`0|
$
_U*0f#X;a7`Y>`0[A*!Z7_qY/X>`0|q*'M9X;a7`*!|%X>VBgCVB£dTtXBV,*'Z
©
+`µ'`A|%X=Xda7`Z·9gIj8`Ef*'M9Y>Vce!ZUT'W'|UT5fBT@g;`fXB`Ef/Y
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